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GENERAL PREFACE 


Ths rapid development of Applied Chemistry in recent years 
has bror^ht about a revolution in all branches of technology. 
This groTsd;!! has been accelerated during the war, and the 
British Empire has now an opportunity of increasing its 
industrial output by the application of this knowledge to the 
raw materials available in the different parts of the world. 
The subject ii» this series of handbooks will be treated from 
the chemical rather than the engineering standpoint. The 
industrial aspect will also be more prominent than that of 
the laboratory. Each volume will be complete in itself, and 
will give a general survey of the industry, showing how 
chemical principles have been applied and have affected 
manufacture. The influence of neij inventions on the 
development of the industry will be shown, as also, the 
effect of industrial requirements in stimulating invention. 
Historical notes will be a feature in dealing with the 
different branches of the subject, but they will Tag kept 
within moderate limits. Present tendencies and'possible 
future ^developments will have attention, and some space 
wfll be devoted to a comparison of industrial methods and 
progress in.the chief producing countries. There will.be a 
general bibliography, and also a select bibliography to follow 
ea^h section. Statistical information will only be introduced 
in so far af it setyes to illustrate the line q|^gum^nt. 

Each book will be divided into sections instead (d 
chapters, a^d the sections wilUdeal with Sfeparate branclnss 
of the subject in the manner of a special articjp oc mono¬ 
graph, An attempt will, in fact, be made to get s\way from 
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the orthodox textb^ik manner, not only to make the treat-, 
n^nt original, but also to appeal to the very lai^e class of 
readers already possessing good textbooks, of which there 
are quite sufficient. The books should also be found useful 
by men of aflairs having no special technical knowledge, but 
who may require from time to time to refer to technical 
matters in a book of moderate compass, with references to 
the large standard works for fuller details on special points 
if required. 

To th^ advanced student the books should be especially 
valuable. His mind is often crammed with the hard facts 
a^d details of his subject which crowd out the power of 
realizing the industry as a whole. These books are intended 
to remedy such a state of affairs. While recapitulating the 
essential basic facts, they will aim at presenting the reality 
of the living industry. It has long been a drawback of our 
technical education that the college graduate, qp commencing 
his industrial career, is positively handicapped by his 
academic knowledge becau.se of his lack of information on 
current industrial conditions. A book giving a compre¬ 
hensive suiwey of the industry can be of very material 
assistance to the student as an adjunct to his ordinary text¬ 
books, and this is one of the chief objects of the present 
series. Those actually engaged in the indxtstry who have 
specialized in rather narrow' limits will probably find these 
books more readable than the larger textbooks when they 
wish to refresh their memories in regard to branches of the 
subject with which they are not immediately concerned. 

The volume will also serve as a guide to the standard 
literature of the subject, and prove of value to<^ con¬ 
sultant, so that, having obtained a comprehensive view of 
the whole industry, he can go at once to the proper 
authorities for more elaborate information on special points, 
and thus save a couple of days spent in hunting through the 
hhraries of scienrific societies. 

As far as this country if concerned, it is believed that 
t^je general scheme of this series of handbool& is unique, 
and it ^^confidently hoped that it will supply mental 
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maaitioas for the coming iadastrial vrfx. I have b ee n 
fartonate in securing Writers for the different volumes who 
ar^ specially connected with the several departments of 
Industrial Chemistry, and trust that the whole series will 
contribute to the further development of applied chemistry 
throughout the Empire. 


SAMUEh RIDEAE. 




AUTHOR’S PREFACE 


The application of the coal tar dyestuffs to the textile# 
fibres is so varied and the combinations of these fibres in 
textile fabrics arc becoming so increasingly varied that one 
is immediately confronted with the difficulty of condensing 
into a reasonable space any book dealing with this subject. 
The writer has, tticreforc, decided to confine himself to the 
essential principles involved, and the methods employed 
in the application of the coal tar dyestuffs. 

Typical examples only of the various classes of dyestuffs 
are given to illustrate the principles of their application; 
complete lists of dyestuffs are purposely omitted in order 
to avoid making the book appear to be n catalogue of the 
various colour-makers’ dyestuffs. Such lists would overload 
the book and create the danger of hiding the essential facts 
under a mass of non-essential details. Moreover, such lists 
soon become out of date. For the same reason no attejnpt 
is made to deal with the various tjT)es of machines used in 
the j jyehfcindustry. The choice of a suitable machine is 
determined by two factors, viz, the class of material to 
be dyed and the class of colouf to be used. The writer’s 
experience of seventeen years has taught him that no single 
marliine will do all classcs of work, but that each'-machine 
has its defects for certain classes of work. Local conditions 
must therefore largely determine the choice of a machine. 

This bookdias been written with a view to giving the 
reader a firm grasp of the chemical principles invedved, and* 
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the metnoas usea m the application of the coal tar dye¬ 
-stuffs, so that when he commences to carry out dyeing under 
actual commercial conditions he will know the why and the 
wherefore of the methods employed. Many of the pi tfalls , 
awaiting the novice are indicated, but it must always be 
remembered that no book, however detailed, can make*a 
successful dyer. 

C. M. WHITTAKER. 

IfUDDERSKIKLD, 

June, 1918. 
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COAL TAR DYESTUFFS 

' SEgnoN 1.—GENERAL SURVEY OF DYEING 

• 

Historicai, researches show that dyeing was practised in 
the earliest times, centuries before the Christian era. It 
is highly probable that indigo was the earliest dyestuff 
known to man, and its dyeing is known to have originated 
in India in the dim past, when crude fermentation vats 
were and still are used, and its use has spread from there 
to all parts of the globe. Again, the analysis of mummy 
cloths has revetSed the familiarity of the Egyptians with 
aluminium mordant, weld, etc., whilst it is commonly 
known that the patrician purple was obtained from a 
shellfish. 

In the middle ages dyers were combined in guilds, which 
were maintained by definite and strict rales as to the methods 
to be employed. Many interesting puWications on these 
guilds are open to those who wish to delve in this branch 
of the subject, but this is a book on modem dyeing prin¬ 
ciples, so the above are only referred to en passant. 

Before the introduction of the coal-tar dyestuffs dyers 
had but a limited range of natural vegetable products and 
chgjjiicals* ali their disposal, with which they were able to 
dye a variety of shades, which every fair-minded person 
must admit was a credit to them, however much people 
may scoff at them as rule-of-thumb men. Indeed one might 
with «very fairness claim "that the practical and exclusive 
knowledge possessed! by the old-time dyer, acquired liy loi^ 
practice and patient observant study of th^ natural dye¬ 
stuffs, was a v6ry potent factor in the early development of 
cmr textile industries, thereby setting that standard in the ' 

I* 
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world’s markets for British goods which was univeraally 
^recognized as the best which could be produced at the time. 
This factor in the evolution of our textile industry has 
usually been overlooked by every writer on the subject. It 
has certainly never been appreciated at its true worth. , 

The chief products which were used were as follows :— 
Logwood, in combination with chromium or iron, gave 
blacks on silk and wool, the shades of wliich all the coal-tar, 
colours yet discovered have not been able to surpass for 
beauty of shade, but the coal-tar blacks have far surpassed 
logwood blacks in fastness to light and acids. On cotton 
jiogwood, in combination with tannin (myrabolans) and 
copperas, was used for blacks. 

Indigo was the basis of all fast blues, and in combination 
witli logwood and fustic ga,ve the woaded blacks and greens, 
which w'ere d)'ed on the old-fashioned broadcloths. For 
cheaper blues logwood was used, whilst P/ussian blue was 
also used, which was very fast to light and a beautiful 
shade, but had the fatal defect of not being fast to alkali. 

Madder was used on alum mordant for the famous 
turkey red on cotton, and on chrome mordanted wool 
for madder reds. Cochineal on tin mordant gave the 
bright scarlets which were used for hunting coats, and until 
quite recently for militaiy- uniforms. Camwood and bar- 
wood were also used for reds. 

Cutch was and still is used for fast browns on cotton. 
Weld, flavin, fustic and Persian berries were used as 
yello\«, whilst tannin, galls and myrabolans, in conjunction 
with iron, tin, antimony salts were and still arq used as 
mordants on cotton for the various woods. 

The chemicals used ware various salts,of chromium, 
iron, aluminium, tin, lead, antimony and copper: by skilful 
mixing of these mordants, coupled with the above products, 
a most<varied range of shades rvas obtaqjed. 

In addition to the shades obtained with the above 
vegetable products a limited number of minejal colours were 
also use^, such as Prussian blue,, iron buff, chrome yellow 
and ora^e. 
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With the exception of logwood, fustic and cutch, all 
the above products have been supplanted by coal-tar dye-, 
stufis. Madder has been completely supplanted by its 
synthetic form alizarine. Natural indigo was before the war 
almost completely supplanted by synthetic indigo. 

Logwood and fustic have held their own owing to their 
cheapness and the beauty of tone of the former, but they 
were continuously losing ground prior to the war owing to 
their inability to be applied Jjy the topchroming or meta- 
chrom*e processes, which are so much quicker t^^n the 
chrome mordant process. Cutch and iron buff still hold 
their own. 

Dyeing has been well defined as applied chemistiy% 
and this is becoming more true ev 0 y day, as the reader will 
realize as I develop this theme in the next few pages. Modern 
dyeing demands, of the present-day dyer an increasing 
knowledge both of advanced organic and inorganic chemistry. 
Not only does the dyer require to have all the expert know¬ 
ledge of materials and knowledge of the preparatory and 
finishing processes through which the material passes, but 
he has also to possess a sufficient knowledge of chemistry to 
understand the chemical processes involved in the applica¬ 
tion of modern coal-tar dyestuffs. I have often heard the 
statement made that the. coal-tar colour firms, with their 
constant flow of new colours, their expert service, and their 
sumptuous volumes of instructions, have depreciated tihe 
position of the foreman dyer. I contend that tliis is £ very 
superijfial.view to take, because all the pattern cards and 
rftOSf'd^ailed instructions issued can never give a person 
the requisite practical knowledge without which no one 
can ever be a master or foreman dyer. 

To^rove this an average person need only take a recipe 
out of a patteili card, go into a dyehouse and attempif to get 
• the same result. Such an attempt would prove disastrous 
and would serv^to emphasize the decessity of leaving dyeing 
to the foreman dyer. 

The discovery of mauve by Perkin in 1856 was epoch- 
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making in its effects on dyeing. Perkin was, of course, 
, no dyer, but he got in touch with practical dyers, who showed 
him how mauve could be applied to the various fibres. As 
regards application to cotton, mauve did not involve any 
new dyeing methods, because it fell in with the regular 
procedure of mordanting cotton with tanniu and fixing 
with various metallic salts. Mauve was quickly followed 
by other basic dyestuffs, like magenta, in 1859, which enabled 
the dyer to obtain in a single operation shades which had 
been l^therto unobtainable. They, however, left a* great 
deal to be desired in the way of fastness, which was the 
tcause of a slow-dying prejudice against “ anilines.” 

The next advance was the introduction of the spirit 
rosaniline blues, which had to be dissolved in methylated 
spirits previous to adding to the dyebath. The discovery- 
soon followed in 1862 of making them soluble by treatment 
with concentrated sulphuric acid, which pnabled wool and 
silk to be dyed brilliant shades from a simple acid bath. 
This was a great advance in simplifying dyeing, and the 
colours known commercially as Nicholson, water or soluble 
blue had a great vogue, and indeed are still of the greatest 
service in the silk, shoddy, jute, paper and ink-making 
industries. It is at first sight a curious fact that, after the 
success of soluble blues, it was not till 1877—fifteen years 
later—that acid magenta was patented, but this was no 
doubt due to the fact that fuming sulphuric acid is necessary 
for the successful sulphonation of magenta, and fuming 
sulpifhric acid was at that time more or less of a chemicd 
curiosity. , ^ 

The next step was the discovery of the diazo*rdatt!jBn 
in 1876 by Peter Griess at Burton. It may safely be asserted 
that this discovery has had more influence than any other 
chemical reaction used in coal-tar chemistry, because the 
possibk combinations of azo dyestuffj-are without* limi t 
and hundreds are definite commercial successes in the 
dyeing trad^. The ran^ of acid, direct qptton and mor¬ 
dant dyestuffs made by this reaction include practically 
every.^de required, and their introduction and gradttc* 

t _ __ 
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development revolutionized dyeing methods in several 
branches, such as knitting yam, carpet yam, dress goods, 
cotton goods, etc. Meantime the synthesis of alizarine in* 
1868-69, whilst not altering methods of dyeir^ except as to 
gradually displace all mordants for wool except chromium, 
had the efiect of placing at the disposal of the dyer a range 
of shades which were superior in fastness to light to the 
old wood colours. The methods of application did not 
invplve any great variation from the methods already em- 
ployai, though the bisulphite compounds of the alizarine 
dyestufis involved special precautions. 

The patent taken out in 1871 by Schutzenberger and 
Lalande for the dyeing of indigo in the hydrosulphite vaf 
has gradually had the effect of introducing the definite 
chemical method of dyeing indigo under chemical control, as 
compared with the old fermentation vats, which demanded 
great skill and experience to keep them, under control. 
The next class of dyestuffs to be introduced on the market 
were the azoic dyestuffs (azo dyestuffs actually produced 
on the fibre), which were patented by Messrs. Thomas and 
Robert Holliday in 1880. This class of dyestuffs involved 
quite a new principle in dyeing, in that tire process consisted 
of making the actual colour itself on the fibre, and thus 
converted willynilly those dyers who u^bd the process into 
actual colour makers, and so demanded from them a know¬ 
ledge of colour chemistiy% which had not hitherto been ex¬ 
pected from them. 

The next step forward—the introduction of ,, direct 
cotton dyestuffs in 1884—led to a great simplification of 
,wthja* 4 eftton aiyer’s work and to the development of single 
bath union dyeing, and as a q^tural corollary modem gar¬ 
ment dyeing. How useful these dyestuffs have been is 
revealed by the Dyestuff Census of U.S.A., because they 
had the largest aqjiual cofisumption of any class of ^yestuff. 
The discover>' of primuline in 1887 again widened the 
chemical outlook of the dyer by introducing the diazotizing 
and developinf process to commercial dyeing. The dyer had^ 
vto understand the reason why diazotizir^ must be c4&ed out 
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cold, and why diazotized material must be protected from 
light and heat: he had also to learn that certain developing 
•baths had to be alkaline, whilst others had to be add. The 
same remarks apply to the coupling with diazotized para- 
nitraniline process. 

A great advance was the discovery of the sulphur 
dyestuffs in 1893 by M. Vidal, which greatly simplified the 
production of fast shades on cotton, but this again placed 
greater demands on the chemistiy of the dyer in that he 
had to dye with leuco compounds, which he must see were 
iu a perfectly reduced state, yet not too soluble, so that it 
would not dye on the fibre, whilst it involved careful handling 
\)f the material in order to get level results. 

The introduction of the Metachrome process for the 
application of certain mordant dyestuffs in 1900 again 
made it requisite for the foreman dj er to understand the 
chemical reactions taking place in the dyebath in order to 
get successful results, though when thoroughly understood 
it led to simplification of his work. 

Finally, the introduction of the vat dyestuffs iu 1901 
made perhaps the biggest demand of any class of dyestuffs 
on the skill and chemistiy of the foreman dyer. 

The above short resume clearly illustrates that though 
dyeing processes have been simplified it has also made an 
increasing demand upon the chemical knowledge of the dyer, 
and the new classes of dyestuffs instead of depreciating 
the dyer’s status are increasing it. True the old secrecy 
of jecipes, etc., has passed awa}', but no recipe, however 
elaborately bound in gilt and leather, ever made a dyer. 

Passing on to the question of fast and loose.dyesfeSSfatjt 
is necessary to thoroughly grasp the fact that there is no 
such thing as absolute fastness as applied to dyes, yet 
I have been repeatedly asked in the course of business if 
a certain shade is absolutely fast.* It is essenjial to realize 
that fasiness is purely relative, not absolute. If experience 
has proved that a dyestu^ during the lifetime of a fabric 
withstands all influences to which that fabric is subjected, 
‘then tB^ dyer designates tliat dye-stuff as fast for that^ 
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particular class of goods. The range of fastness for which 
dyers have to cater is extraordinarily wide and varied, and 
it is this fact which makes all terms of fastness re dyestuffs? 
purely relative. This may be illustrated by choosing two 
extreme instances. A lady’s ball dress is never exposed to 
daylight, and the only process through which it may be passed 
is drycleaning, therefore the most fugitive dyestuffs may 
safely be termed fast for ball fabrics; on the contrary, a 
naval uniform is exposed to the severest conditions extant, 
viz. •sunlight and exposure to sea air, therefore the fastest 
obtainable colours must be used for this purpose*—in fact,' 
indigo is used, but even this gradually suffers under these 
influences. * 

One is justified in saying that the nearest approach to 
absolute fastness is made by some of the modern vat dye¬ 
stuffs, in that they will last longer than the cotton on which 
they are usually dyed, i.c. the fabric perishes before the colour 
has faded; yef these dyestuffs will not withstand boiling 
under pressure with caustic soda without bleeding on to 
adjacent wliite. 

These examples suffice to show that in considering the 
fastness of dyestuffs it is always necessajy to lay down 
two conditions, \'iz. 

1. For what purpose is the fabric oit which the dyestuff 
has to be dyed going to be used ? 

2. To what influences is the dyestuff required to be fast ? 

It is no use putting good and therefore expensive colours 

on to cotton cloth which is going to be used for linings: 
on the contrary, it is no use putting colours not fast to wash- 
ing<Sfk> shirtings. 

It follows logically from this that different sections of 
the dyeing industrj' have entirely different standards Of 
fastness, which apply to their respective sections only. 
This explains why differftit dyers hold such widely^different 
views of the fastness of one and the same dyestuff. The 
dyeing industry is necessarily, essentially .commercial, so 
that price is*the ruling factor, from wliich it follows that 
for the dyeing of shoddy cloth, which is sold at,*ls. a 
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yard, a much lower grade of dyestuffs must be used than 
those used in dyeing the best worsted overcoating, which 
Vdll sell at 15s. a yard. From the above it will be seen that 
the terms fast and loose are purely relative in the dyeing 
industry. It ought also to be realized that the bulk sales ii^ 
the coal-tar dyestuS industry are of the cheap and loose 
colours, and not of the expensive and fast colours. A great 
deal has been written about the necessity of the British 
industry making the fast colours made in Gennany, but;few 
people realized that the sales of these colours were ihsig- 
nificant as compared with the sales of the commoner or less 
fast dyestuffs. The following concrete instances from the 
United States Dyestuff Census will illustrate the above 
statement; 36,674 lbs. benzo fast scarlet (which is fast 
to light and acids) were imported as compared with 341,724 
lbs. benzopurpurine 4B (which is fast neither to light nor 
acids), 10,917 lbs. alizarine rubinol R (ve^- fast to light), 
were imported, against 160,252 lbs. azo rubine (nothing 
like as fast as rubinol), 953,411 lbs. developing and fast to 
light blacks compared with 4,104,175 lbs. common cotton 
blacks, which are not fast to light. 

Moreover, fashion and modern custom have an important 
influence on the class of dyestuffs consumed. Some fashion¬ 
able garments are sOephemeral that they are discarded before 
the dyestuff has been put to a severe test. Again, people 
now buy cheaper clothes often rather than expensive 
clothes at loi^ intervals, so that fastness is neither looked for 
, nor «desired. Both these factors increase the consumption 
of the less fast and cheaper colours. 

The trend of modern dj eing may be separated iril^fivo 
phases:— 

1. The increasing adoption of mechanical and labour- 

saving appliances. 

2. The constant demand for ea^ of apjjUcatwn. 

3. The increasing knowledge of chemistry required to 

thoroughly understand the application of the 
modem coal-tar dyestuffs. 

4. T1I& increasing number and variety of fabrics madi 
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ioni combinations of silk, wool, cotton and dJrti- 
ficial silk. 

5. The increasing call on the dyer and colour manu-* 
facturer for dyes capable of withstandi:^ processes 
during manufacture: thus allowii^ for cloths of 
new or improved quality to be manufactured. 

The dyeing industry in its increasing adoption of machines 
is only following the economic conditions ruling in all in¬ 
dustries at the present day, viz. that increased cost can 
only "be met by increased production. This explains why 
machines capable of dyeing 1200-1400 lbs. of wool»are now 
being adopted, whereas 250 lbs. only was formerly dyed at 
a time. 

Machines capable of dyeing 2000 lbs. of loose cotton 
at a time are also quite common features in loose cotton 
dyehouses. The desire to economize labour is also respon¬ 
sible for the increasing number of machines for the dyeing 
of yarn in the form of cops, cheeses and beams, which are 
being steadily adopted in order to avoid the winding of the 
yarn into hanks and then re-winding into the cop, etc. 

From the first phase it is a logical step to phase two. 
Since modern economic conditions are always enforcing 
economy in labour, time and steam, it is a natural sequence 
that the dyeing industrj' is always on th# lookout for colours 
which have the simplest and quickest method of applica¬ 
tion. It is also obvious that the less the material is handled 
the less does it depreciate in condition. Again, dyeing 
machines demand soluble colours, because otherwjse,*the 
material,simply acts as a filter when the dye-liquor is circu¬ 
lated* and all the dyestuff collects on the outside of the 
material—for, this reason aliza|ine dyestuffs are unsuitable 
for machine dyeing owing to their insolubility. Moreover, 
dyestuffs which dye on slowly are also desirable, or else the 
outdtie of the m3:lerial will be dyed much heavier J;han the 
centre. 

The third phase has already been discussed. The 
fourth phase % explained by two facts. The stody im-, 
provement in the quality of artificial silk, couplsa with its 
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reduction in price and the increasing experience in weaving 
it in conjunction with other fibres, has led to an ever widen- 
*ing use of artificial silk in union goods. 

The ever-present demand for cheapness must always 
be recognized, however much one may regret it. proj 
ductiou in modem industry takes the form of a cheap, not 
a dear, article. A constant endeavour is being made by cloth 
designers to make as good an imitation as possible of a costly 
fabric in a cheaper material. Tliis explains why one now 
meets so many fabrics which contain wool and cotton to 
imitate »t a low price the more expensive all-wool article. 
To give an example, a cotton w-arp is woven wj|;h a woollen 
Veft in a serge pattern to imitate an all-woollen sei%e. 
These fabrics have naturally to be coloured, and reflect 
themselves in the increasing demand for union dyestuffs, 
which has been one of the most striking modem features 
in the coal-tar dyestuff industiy. Moreover, such union 
fabrics demand great skill on the part of the dyer to produce 
the desired result. It will easily be understood that it is 
much more difficult to produce a good result on a wool 
and cotton fabric than producing a similar result on an all- 
wool article. 

The final phase may be illustrated b}- the demand for 
colours which will \f ithstand the severe processes of crabbing, 
steaming and cross-dyeing, i.c. boiling with acids, or the 
demand for colours which will withstand kier boiling and 
chemick. The production of such shades throws an added 
strain on the dyer, because a faulty dyeing may produce 
endless trouble in the subsequent stages of manufacture, 
which may result in very heavy claims for damages'. 
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Section H.—THE BASIC DYESTUFFS 


From the standpoint of this book the Basic Dyestuffs are 
one class; from the point of view of the chemist they consist <> 
of the following classes 

Triphenylmethane Magenta: 

/CgHiNH, 

C^CgHiNHa 

^CgH^NHsCl 

Diphenylmethane Auramine; 

/CgHgNlCHs)^ 

HN.CC 

^C6H4N(CH3)..HC1' 

Acridine—Acridine Yellow: 


/CH. 

Xh/ I }C,H, 

H3C 

Indamine—Indgmine Bhie ; 


^NHaHCl 


CgHjNH 

CgHgNH 


>■ 


CcH 



,H3x\hl3 


/\ 

Cl CgHg 


Oxazine Meldola's Blue; 


/■ 


\/ 




!—0- 

Cl 


Thiazine Methylene Blue: 


(CH3)»NCeH 



gHsN(CH3)3 
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: Atihe Stt&ranine; 

CH3. 


NH, 


/CgHjv 


-'N'' 

/\ 

Cl CgHg 


Azo Bismarck Brown: 


NHgHCl 


CgH.v 


/ 


■NHj 
/NHjHCl 

N-NCgHg^ 

^NH, 


13 


The Basic Dyestuffs are so called because of their basic 
character, which is derived from the amido groups, which are 
present in the dyestuffs as free amido groups or amido 
groups alkylated in varying degrees, usually N(CH3)2 or 
N(C2H5)2. a glance at the formulae of the above typical 
examples of the various chemical classes of Basic Dye¬ 
stuffs will quickly illustrate this. They are usually put on 
the market as hydrochlorides, though some of them appear 
as the zinc double salt, whilst other acids are occasionally 
used, such as oxalic acid. They are also* supplied as the 
free bases for the colouring of oils, fats, waxes, etc. 

The Basic Dyestuffs were the earliest coal tar dyestuffs 
to be put on the market: mauve, the first coal tar dyestuff 
discovered in 1856, was a basic dyestuff. They met with 
a ready demand owing to their brilliancy of shade^oiJpled 
witl^^gseat strength of colouring power. They unfortu¬ 
nately proved to be very fugitive and loose compared with 
the wood dyes, which were,the standard colours of the 
dyeing industry at that period. This fact was, in the author’s 
opimon, the reason why the stigma of being fugitive was still 
attached to^the «oal tar dyes long after extremely.fast coal 
tar dyestuffs had been adopted in the dyeing trade. Not only 
Ofe the Basic Dyestuffs fugiti^ to light-*methylene blue 
being one of the fastest to light—-but many of^hem arc 
sensitive to adds, alkalies, stoving, and washing, i^in, 
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no method has yet been devised of dyeing them so that 
, the resulting shades do not rub. 

In addition to this the Basic Dyestuffs are in many 
instances extremely difficult to dye satisfactorily, owii^ to the 
fact that they are liable to 3deld bronzy .results in heavj' shades, 
whilst in pale shades the colours are liable to go on unevenly 
owing to their strong affinity for the fibre. From the above 
it will be readily understood that dj^ers are only waiting 
for adequate substitutes of equal brilliancy of shad& in 
other classes of dyestuffs in order to stop using what to ^hem 
are alwaj^ troublesome colours. The necessaiy substitutes 
have, however, not yet been found, though some of the 
'flirect Cotton Dyestuffs have come verj- close in brilliancy 
; to the Basic Dyestuffs, whilst being superior in fastness to 
rubbing—I refer to the chlorazol brilliant blues, which give 
shades almost equal in brilliancy to methylene blue, whilst 
the benzo brilliant violets give shades closely approximating 
to the brilliancy of methyl violet and magenta. However, 
the defects of the Basic Dj’estuffs are so well known to the 
trade that they are accepted as inemtable, and their use for 
certain shades has become standardized in many classes of 
goods. The Basic Dyestuffs have a pronounced affinity for 
silk, wool, jute, feather and paper, so that they find applica¬ 
tion on all these Materials as well as cotton, linen and 
artificial silk. The last three fibres—with the exception 
of artificial silk, made from nitro-cellulose—have no direct 
affinity for these dyestuffs, so that they have to be given 
•an Rrtijcial affinity by mordanting them in the manner 
detailed later in this section. 

The Basic D)'estuffs in their application ttf wool* and 
silk form the best evidence qj what is termed ithe chemical 
theory of dyeing. The theory of dyeing is still in a very 
nebulous state, despite the voluminous nature of the litera¬ 
ture on . the subject. This is not surpsisin^ when *one 
visualizes the intricacies of dyeing and the various classes 
of dy^ufis and methods of^pplication emplo^jed. 

^ There are three main theories of dyeing formulated— 

I. Thechemical theon'. 
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2. The mkhanical theory. 

3. The colloid theory. 

The first is generally accepted to apply more or less to 
the animal fibres, whilst the second is usually admitted to 
apply to the dyeing of cotton with Direct Cotton Dyestuffs. 
The colloid theory is not yet supported by sufficient evidence. 
Knecht showed by experiments that when wool or silk is 
I dyed with magenta, the whole of the hydrochloric acid 
combined with the magenta is left in the dyebath at the end 
of the dyeing operation, thus showing that the acid group 
of the wool or silk has combined with the colour bdfee of the 
magenta to form the dyed wool fibre. Georgievics has 
opposed, but not successfully, the work of Knecht, and 
states that there is a preliminary dissociation of the magenta 
into hydrochloric acid and a coloured ammonium base of 
rosaniline. If Georgievics’ lheor>- were conect, wool dyed 
with magenta w^oiild soon become decolorized if kept out 
of contact with air to prevent the formation in tlie fibre of 
carbonate of rosaniline {vide “ A Manual of Dyeing,” p. 9). 
In the case of jute the direct affinity of the Basic Dyestuffs 
is due to the amount of natur.al tannin contained in the 
jute fibre. 

Cotton, linen, artificial silk (with the acception of the- 
variety made from nitro-cellulose) aitd hemp have no 
affinity for the Basic Dyestuffs; there are slight exceptions, 
e.g. Victoria blue B will dye unmordanted cotton a full 
shade from an acetic acid bath. These fibres have, there¬ 
fore, to be previously' mordanted with an acid mor^n'P to 
combinc.with the basic group of the dyestuff. 

Application. 

Dissolving.—The Basic Dyestuffs are not distinguished 
for eSsy solul»ility,sa tliat’the greatest care must be exercised 
when dissolving them. The best way to dissolve them is 
to stir them iyto a perfectly smooth paste with cold water 
pr acetic acid. This precaution prevents any d^ colour, 
floating on the top of the boiling water when adfiM : any 
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coloQT which so floats is liable to fonn fltsdf into omgi* 
balls of semi-tarry colour, which are extremely difiBcult to 
dissolve. Pour boiling water over the coloiu paste whflst 
stining, and continue stirring until the colour has disscdved. 
The colour solution should not be actually boiled or else 
Ihe colour is liable to become tarry, and it is very difficult 
» dissolve once it gets into this state. Condensed water 
should be used for dissolving Basic Dyestuffs when available. 

Having dissolved the colour, the colour solution should 
lever be added directly to the actual dyebath, but should be 
»assed through a calico filter or fine mesh sieve in order to 
atch any undissolved particles of colour. If any such are 
flowed to pass into the dyebath they quickly attach them- 
elves to the material and cause specks, wliich can only be 
emoved with the greatest difficulty. 

Silk.—^The Basic Dyestuffs are distinguished for their 
reat affinity for silk due to its pronounced acidity, on which 
bre they dye most brilliant shades, conse*quently they are 
ugely used for fabrics for which no great fastness to light 
i required, such as ribbons, blouse silks, ball fabrics, etc. 

They are best applied in a perfectly neutral bath or in 
boiled-off liquor bath just broken with acid. Acid in the 
yebath keeps the colour off the silk and prevents exhaustion, 
hould the water "be hard this should be corrected with 
:etic acid, and any scum which may float on top of the 
yrebatb should be carefully removed before the silk is 
itered. The silk is entered cold, worked cold 15-20 minutes, 
(ea t^e temperature of the dyebath is gradually raised to 
195" F. {90° C.), when the silk is lifted out and washed off. 
If trouble is experienced in obtaining level results *th& the 
following precautions should be taken : all the ^olour solution 
should not be added to the dyebath at the beginning, but 
the following mode of procedure should be adopted. The 
dyebath is charged with one-third'of the colour^lutioit and 
the silk worked in the cold bath till most of the colour has been 
absorbed; thep add half ^f the remaining colour solution 
an4 the ^ again worked till most of thecolofir is absorbed; 
finally balance of the colour solution is added and tW 
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temperature of the dyebath gradually raised to i93*F.(9b®C.). 
If the silk is scrooped (i,e. passed through a cpid weak acid 
bath and wrung out without rinsing) after dyeing, it must be 
remembered that the shade of many Basic Dyestufis is 
changed even by the weak acid used in this process, so that 
^owance must be made for this. 

A very common test to which dyed silks are frequently 
submitted is the water test, wliich consists in steeping in 
cold water overnight. The colour must not stain the water 
or run on to adjacent material. The Basic Dyestuffs are 
by no means fast to this test, but their fastness ^ay be 
considerably improved by the following after-treatment. 
Work the silk for 15 minutes at 140° F. (60° C.) in a bath 
qliarged with 5-10 lbs. tannic acid, then immerse and 
allow to steep overnight. Next morning wring out evenly 
and fix by working for half an hour in a fresh cold bath 
charged with 2I-5 per cent, tartar emetic, wash thoroughly 
and dry. This treatment has a dulling effect on the shade, 
so that allowance should be made for this when dyeii^ to 
pattern: a pure tannic acid should be used for this purpose 
in order to reduce the dulling effect to a minimum. 

Tin-weighted Silk.—The Basic Dyestuffs have a good 
afiSnity for tin-weighted silk, so that no special precautions 
are necessary in dyeing this class of silk &cept to give the 
silk a wash in warm water to remove any unfixed metallic 
salt that may still remain on the fibre. It must also be 
remembered that tin-weighted silk which has been in stock 
for any length of time is very liable to give uneven results, 
owing to decomposition of the metallic weighting. 

Wool. —The Basic Dyestuffs have lost and are continu¬ 
ing to lose a grpat deal of their importance in wool-dyeing, 
owing to the very large range of other classes of colours, 
notably acid dyestufis, like acid magenta, acid violets, 
* acid ^eens, stc., which enable the wool-dyer to get the 
vsame b rilliant shades with colours which are more easily 
, applicable. All Basic Dyestuffs cannot, howawer, be sub- 
■’stitnted by members of other classes of colours. J refer 
*0 Victoria blue, which is still largely used in wool,* qespite 
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its marked ft^tiveness to light. Its use is coatmued, 
.because it yields shades from sky to royal blue of good 
fastness to milling and washing, which cannot be equalled 
in brilliancy by any other dyestuff. 

Basic Dyestuffs are applied to wool in a perfectly neutral 
bath without any addition whatsoever. If pure water Js 
available, soap may be used, when brighter shades will be 
obtained. Hard water should be corrected before use with 
acetic acid, otherwise the colour is liable to be precipi|ated 
in a tarry mass and so produce spots on the material, which 
it is prictically impossible lo subsequently remove. The 
.wool is entered cold and worked cold 15-20 minutes, then the 
temperature of the bath is gradually raised to it)5°F. (90® C.), 
when the colour will be found to be practically exhausted. 
If difficulty is experienced in getting level shades, take the 
precautions detailed under silk. 

Victoria blue B will dye wool in a similar manner to 
acid dyestuffs, and it is usually dyed this way and not in 
the way detailed above. A special use of methyl violet 
may be mentioned here, viz. its use as a blueing agent after 
wool has been scoured or bleached. A minute percentage 
is used in order to correct any yellow tone of the wool, 
and thus greatly improve the colour of the wool: this is 
termed in some fnstances a “ false bleach.” This opera¬ 
tion is usually carried out in a soap bath. The small 
quantity of colour—perfectly dissolved, spirit sometimes 
being used as the solvent—is added to the soap bath: the 
bith »ell stirred, and if any scum appears on the surface 
this must be removed before the goods are entered, 
othenvise there is a danger of flecky result# being 
obtained. 

Cotton.—The Basic Dyestuffs may be applied by several 
methods, viz.:— 

{«) On a Turkey red oil mordant. 

(b) - With alum and soda ash in a single bath. 

(c) On a kannin mordant. 

Methods {«) and (6) may be dismissed in very few words, 
becavuse*tfaey are of verj- limited application, owing to 
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shades rubbi&g very badly and being very loose to washing : 
brilliancy is their only recommendation. . 

Method (a ).—^The cotton is mordanted with TurkQf red 
oil, .n mitig out and dried. The operation is repeated once 
qr twice. The cotton may also be worked for 20 minutes 
at 104® F. (40® C.) in a bath made up of i part Turkey red 
oil to every 10 parts of water, wrung out and dried: it is 
then worked for half an hour at 120° F. (50° C.) in a bath con¬ 
taining I lb. aluminium acetate 77° Tw. to every 4 gallons 
of water. Wash well and dye as detailed under method (c). 

Method (6).—The boiled-out cotton is entered infc a bath 
at 195° F. (90° C.), charged with the requisite amount of, 
colour, 10 lbs. of alum and lbs. soda ash, steam is shut 
off, the cotton worked to shade and dried without rinsing. 
The bath is not exhausted, and should be kept up for sub¬ 
sequent lots, when only half the quantity of colour and 
assistant will be required. It will be recognized that this is 
not really a dyeing operation, but consists of merely painting 
the colour on the fibre. 

Method (c).—The raetliod of dyeing on a tannin mordant 
is at once the commonest and most effective method of 
applying the Basic Dyestuffs to cotton. Owing to cotton 
having no afiiniD- for them, the lack of acid groups is over¬ 
come by mordanting the cotton with tannic acid, which 
supplies the necessary groups. The method of application 
is a long and tedious one, entailing much labour, so that it 
is not popular with dyers, but is avoided whenever possible. 

Mordanting.—Tannic acid is used in the form of tannic 
acid, sumach or myrabolans, the strength of the two latter 
products varying considerably; from two to four times as 
much, according to the quality, is required compared with 
tannic acid. It is not advisable to use the two latter 
qualities for pale shades, owing to the natural colour of the 
products, uidass the extracts have been specially decolor¬ 
ized. Experiments have shown that taimic acid is absorbed 
most readily by ^cotton about 104°* F. {40° C.).« One would 
n^urally think, therefore, that the tannin mordan^ baths 
would be worked at this temperature. Practice, However, 
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demands that the material to be mordanted should be entered 
«i,mto the boiling dyebath in order to ensure the goods being 
thoroughly penetrated with the tannin. It would be 
obviously absurd to enter a tightly twisted yam into a tannin 
bath at 104“ F. (40° C.), because the mordant would the^ 
never get into the centre of the yarn, with the result that it 
would only be subsequently surface dyed. Owing to iron 
reacting witli tannic acid to form inks, the presence of ^ 
iron in the water, or iron in the coustraction of the baf^h or 
steampipe, must be rigorously avoided. The ink-colttured 
compound would naturally detract from the brilliancy of 
*the shade. Wooden vessels fitted with copper steampipes 
are commonly used. 

Great care must be exercised in the amount of tannic 

acid used, because too little mordant does not exhaust the 

dyebath, whilst excess of mordant, in addition to being a 

waste of material, causes the colour to rush on the fibre, 

• * 
with consequently uneven results; moreover, excess of 

tannin causes the resulting shade to be dull and lifeless. It 

is always advisable, therefore, to determine by experimental 

dyetests the amount of tannic acid requisite for given colours 

in given percentages. 

The following^ table indicates the average amounts 


required 

Percentage ol 

Percentage of . 

Percentage of 

Colour. 

Tannin. 

Tartar Emetic. 

O'l per cent. 

1 per cent. 

1 per cent. 

• K » 

1 

■1 

2 

i 


'i .. 

I 

3” .. 

li. ^ • 


5 

24 „ 

2 

„ 

4 


Mercerised cotton and artificial silk, owing to 
greater^alfiuity as compared with ordinarj’ cetton, day be 
dyed with less amounts. 

The metUbd of procedure is as follow^:—^the 
is oitsred into a boiling bath, charged with the reqiH»i^^ 
{unoturi'of tannin and w'orked 10-20 minutes, in oidta' ^ 



THE BASIC DYESTUFFS 

eHsure the material being .thoroughly penetrated. StcMn 
is diut off, the material immersed under the liquor and/' 
allowed to steep overnight. Next morning the material 
is lifted out, wrung out evenly, then fixed without waslung 
as detailed below. 

Too much stress cannot be laid upon the necessity of the 
material being evenly wrung out, because if this is not 
efficiently done the final dyeing result is bound to be un¬ 
even, despite the most careful working in the later stages. 
It is'obviously not possible to mordant cotton pieces in this 
manner. They are usually mordanted on a padding machine 
or in a jigger. After the pieces have been thoroughly im-, 
pregnated with the tannin solution, they are batched on 
a roller and allowed to stand 1-2 hours before being fixed. 
The mordanting bath is not exhausted, so that it may be 
kept and replenished for subsequent lots with four-fifths 
of the original amount of tannin used. 

No time should be lost in fixing the material, because 
the tannin drains to the lower portions of yam hanging on 
sticks: uneven results will ensue, because more taimin will 
be deposited on the lower portion of the yam. Pieces 
batched on rollers should not be allowed to be for long in 
one position, but the position of the roller sfiould be altered 
so that there is no possibility of the draining of the liquor 
to the bottom half of the piece. 

Mordanted material should never be put into work unless 
it can be carried right through to the end of the fixing 
without leaving the material lying about, say, during the 
dinner hpur, because if it is so left about uneven results are 
inevitable. *1 have investigated more than one case where 
bad residts have been caused J)y throwing yam on top of 
‘ the bath and allowing it to drain during the dinner hour 
without wringing the yarn ort. Once the tannin has been 
fixed*there is nobthe same necessity for these precautions, 
though the quicker the mordanted material is dyed the 
better the resuits obtained, becarflse the least trace of iron— 
even from the condensed steam off the roof of the 4}^ehouse 
1; -—will cause a dark mark to appear on the cotton. If goods 
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do get so stained with iron, the stains may easily be removed 
by working the material in a dilute solution of oxalic or 
sulphuric acid. 

Sometimes uneven results in dyeing are caused by avow¬ 
ing the mordanted material to lie about before dyeing an 4 
decomposition of the mordant has taken place: the best 
remedy in such a case is to remove as much of the mordant 
as possible with hot dilute sulphuric acid, and then mor¬ 
dant again. If the material cannot be immediately 4 yed 
after mordanting, then it should be covered with a ‘damp 
cloth. * 

Fixing.—The object of this process is to fix the tannin 
upon the cotton in an insoluble form. Cotton treated with 
tannin alone may be dyed with Basic Dj’estuffs, but the 
results are not as fast, particularly to washing, as those dyed 
on cotton on which the tannin has been fixed. This is due 
to the fact that excess of tannin can dissolve the Tannin- 
Basic Dyestuff lake, whilst tannin which is fixed in an 
insoluble form cannot dissolve the lake, though it is quite 
capable of forming a lake with Basic Dyestuff. The result 
is that in actual practice the tannin is always fixed on the 
yam. For this purpose antimony, tin, aluminium and 
iron salts are 'all used, but the most commonly used salt is 
tartar emetic (potassium antimony tartrate, KSb0C4H40e), 
because antimony gives the fastest results to washing. 

Fixing is carried out by working the evenly wrui^ 
tannin impregnated material in a cold bath for half an 
h«ur. ^The amount of tartar emetic used is exactly half 
the amount of tannic acid used. The material is then 
thoroughly washed to remove all loosely adhering p*articles 
of tannate of antimony, v^liich would cause the colour to 
rub. A light soaping is sometimes given at this stage to 
ensure the minimum amount of rubbing. 

Iron salts are used because they are much»cheapef than 
tartar emetic, and because their use is most helpful in some 
cases in obtaining the desired shade in an ^onomical way._ 
Iron s^lts combined with tannic aCid produce an ink- 
colour^ compound, which enables a considerable economyt 
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of colour to be effected when dyeing dark shades. If a dark 
navy blue is required it would be absurd to start with , 
^ethylene blue on a tannin-tartar emetic mordant, and 
flatten it with chrysoidine. It is much cheaper to dye with 
jpethylene blue on the ink-coloured tannin-iron mordant. 
At the same time, however, it must be remembered that these 
iron-fixed shades are not fast to acids. Acids decompose 
the tannin-iron lake, so that the use of iron salts is barred, 
if the cotton will subsequently come into contact with acid. 

When using iron salts for fixing, the fixing bath is charged 
with 3-5 per cent, ferrous sulphate (copperas), or tHte bath is 
charged with iron liquor or nitrate of iron (really a mixture 
of ferric sulphates-nitrates) to stand at 2-4° Tw. accordmg 
to the amount of tannic acid used: the cotton is next 
passed through a weak bath of lime-water and thoroughly 
rinsed. Tin is used in the form of stannic chloride and 
aluminium in the form of aluminium acetate. The fixing 
baths are not exhausted, and may be used continuously by 
replenishing with four-fiftlis of the original quantity taken. 

The fixing bath gradually becomes acid when continuously 
used : this acidity should be corrected from time to time 
with soda, which should be carefully added till the bath 
begins to turn cloudy. 

Dyeing.—The addition of acid or acid-reacting salts 
to the dyebath has a cqpsiderable effect in the rate of dyeing 
of the Basic Dyestuffs. It is, therefore, customary to use 
acetic acid or alum in the dyebath in order to retard the rate 
of dyeing and so facilitate the obtaining of leve^ shaute' 
coupled .with better penetration. Moreover, in order to 
ensure that 4:116 cotton is impregnated with the acid before 
the dyestuff, it is advisable wh^ dyeing shades which prove 
difficult to dye level to work the cotton ten minutes in the 
cold dyebath, charged irith only 1-5 per cent, alum or' 
acetiJ acid, according to the depth of the shade to be dyed. 
After which one-third of the colour solution is added and the 
cotton worked i hour cold; half of the remaining colour 
solution is now added and the cotton again worked^ hour ; 
finallv the remainder of the colour solution is adde'd and the 
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tetligradually raised to 140° F* (60” C,), in J hour after which 
.t]he cotton is washed off and dried. 

Remordanting or Backtanning.— This process con-r 
sists in again passing the cotton after dyeii^ througly'the 
old mordanting and fixing baths without replenishing them, 

, The cotton is worked in the cold tannin bath for J hour, 
wrung out or liydroextracted, worked J hour in the cold 
fixing bath, then finally well washed off. 

This additional treatment further lengthens an already 
long dyeing process, but it has the advantage of considerably 
improviilg the fastness of the colours to milling and cross- 
^ dyeing, but it has the disadvantage of dulling the brilliancy 
of the shade, so that when a shade has to be back-tanned, 
allowance must be made for this dulling effect when dyeing 
the shade. 

Despite the length of the process it is, however, emploj’ed 
for shades which have to withstand a severe milling or cross¬ 
dyeing, e.g. the bright shades which are to be subsequently 
used as checking threads in cloth, which wall be heavily 
milled or subsequently cross-dyed; whilst all Basic Dye¬ 
stuffs are more or less improved by back-tanning, it is most 

advantageous with the following colours :— 

% 

Auramine Q. Methylene blue. 

Brilliant green crystals. Saffranine. 

Malachite green crystals. Victoria blue. 

Artificial Silk. —Owing to the fragile nature of arti- 
•rficial silk, the Direct Cotton Dyestuffs are used whenever 
possible, because their application involves the minimum 
amount of handling, whereas it has been seen aboVe that 
the Basic Dyestuffs involve the maximum amount of 
handling. However, their use is compulsory when very 
brilliant shades are required. Nitro-cellulose artificial silk 
may be dyed with Basic Dyestuffs without any previous 
mordanting, but the other varieties have to be tannm- 
mordanted, which is carried out as follows :-j 
. A b^th is charged with 2-5 per cent, tannin and i pep 
cent, hydrochloric acid—according to the depth of shade 
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to be dyed-iand the material immersed in this, bath lot ' 
2 hours at 104° F. (40° C.). The material is then wrapfi^'.. 
jn cotton bagging and hydroextracted, after which it K 
wolfced in a fresh bath charged wth i-2| per cent, tartar 
qnetic for | hour cold. Wash well, then proceed with the , 
dyeing as detailed for cotton. 

Jute .—For the purposes of dyeing with Basic Dye¬ 
stuffs coir fibre, piassava, sisal, straw and wood chip may 
be classified with jute. Owing to the fact that tannin ' 
bodies enter into the constitution of jute the Basic Dye¬ 
stuffs have a strong affinity for it without any previous 
mordanting. This class of dyestuffs is of prime import¬ 
ance in the dj-eing of jute, because being a very cheap fibre 
cheapness coupled with brilliancy of shade is a governing 
feature in its dyeing, whilst fastness is of .secondary import¬ 
ance in the classes of jute goods for which the Basic Dye¬ 
stuffs are used. The dyeing of jute on the big scale is carried 
out in a quick and sinq)le manner, because the prices paid 
for the dyeing do not admit of any undue amount of labour 
and time being spent on it. The Basic Dyestuffs—always 
with the exception of auramine, which decomposes above 
160® F. (70° C.)—are dyed for 20-30 minutes at the boil, 
with the addition of alum or acetic acid, it may be said 
that alum gives the fuller shade, but that the shades dyed 
with acetic acid are faster to rubbing. The carrying out 
of the above method is not, however, as simple as it may 
appear, because it is essential that the jute should be well 
penetrated—or “ hearted " as the trade terms it—for maaj^ 
classes oif work, especially yarn, which is subsequently to 
be made into pile goods, for which effect the yarn has to be 
cut. It is a defect of some of the Basic Dyestuffs that they 
do not heart the jute at all weff, notably methyl violet and 
Bismarck brown. These two colours should, therefore, 
be arfbided in all compound shades. Chrysoidine should 
always be given the preference over Bismarck brown in 
compound shades, because the former " hearts^’ much better 
than the latter. The effect of this may very easilyjae seen 
j by dyeing a bronie green shade in one case with dufamine,' 
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chrysoidine and malachite green, and in otlier case with 
anramine, Bismarck brown and malachite green. The 
shade dyed with chrysoidine will be much better pene?. 
trated than the one dyed with Bismarck brown, wh*ffeas 
the latter will also be flecky, because Bismarck brown do^ 
not mix well with the other colours. The same applies in 
case of jute blacks, which are usually composite colours. 
A satisfactory black may be obtained by a combination, 
of magenta, chrysoidine, and malachite green, rghilst 
unsatisfactory ones will be obtained by a combinatibn of 
methyl tiolet, Bismarck brown and malachite green. 

Paper.—^The Basic Dyestuffs find a large application 
in the dyeing of paper, especially anramine, saffranine, 
magenta, methyl violet, and malachite green, all of which 
colours have become standardized in the paper trade. They 
are simply dyed by adding the colour solution to the beater 
and beating the pulp up till it is uniformly dyed. 

Leather. —^The Basic Dyestuffs are largely used in the 
dyeing of leather, but their use is more restricted than it 
otherwise would be owing to the fact that they, as a class, 
show up any defects in the leather in a much more marked 
degree than the Acid Dyestuffs. It naturally follows that 
the latter are'therefore given the preference by leather 
dyers whenever the desired shade can be obtained with them. 

Vegetable-tanned leather has a direct affinity for the 
Basic Dyastulfs due to the tannin bodies used in the tanning 
process; chrome-tanned leather, on the other hand, must 
givgn a preliminary treatment with sumac—1-2 lbs. 
per dozen skins—for | hour at 120° F. (50° C.). Excess of 
sumac should be avoided, because it le.ssens t'he elasticity 
and strength of the leather. ^ 

When dyeing the skins should first be worked a short 
time with acetic acid only (i Ib. per 10 gallons water), the 
colour solution being added in several lots aM interv^s to 
the dyebath : this tends to prevent the colour from striking 
rapidly and unevenly. 

Phr^phines are amongst the most popular Basic Dye¬ 
stuffs fprieather and are used as the basis of most tan shades.« 
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GENERAL NOTES 

The Basic Dyestuffs are used for topping both Direct Cotton and 
"Mphur Dyestuffs in order to get brighter shades than are possible with the 
latWKdyestuffs alone: the methods employed will be found detailed in 
the respective sections dealing with these two classes of dyestuffs. 

■ Basic DyestuSs cannot be mixed in the same bath with Direct Cotton, 
Acid and Sulphur Dyestuffs because precipitation takes place. 

B^ic Dyestuffs are largely consumed in the ink trade, for hectro- 
graphic inks, typewriter ribbons, copying paper and pencils, etc. 




Seotiok III—acid dyestuffs 


The Acid Dyestuffs include the following distinct chemical 
groups;— 


Nitro Dyestuffs .. 

Mono Azo Dyestuffs .. 
Dfeazo Dyestuffs 
Nitroso Dyestuffs 
Triphenylmethane Dye¬ 
stuffs .. 

Xanthene Dyestuffs 
Antliracene Dyestuffs 
Azine Dj^estuffs.. 
Quinoline Dyestuffs 


Naphthol Yellow. 
Roccelline. 

Croceine Scarlet. 
Naphthol Green. 

Acid Magenta. 

Fast Acid Violet AzR. 
Alizarine Delphinol SE. 
Azocarmine. 

Quinoling Yellow. 


Despite the variety of the colours from the chemical 
point of view they are all one class from the dyeii^ point 
of view in that they require to be dyed from an acid dye- 
bath, hence the name “ Acid ” Dyestuffs. They place at the 
(fyer’s disposal a most comprehensive range of colours 
with the most varying degrees of fastness to light, milling, 
•stoving, etc. For example, soluble blue is extremely fugi¬ 
tive to light, alizarine delphinol SE is extremely fast: acid 
magenta possesses no fastness to milling, whilst Coomassie 
«Bvy blue is very fast to milling. Roccelline is a very bad 
levelling colour, XL fuchsine 6B is a very easy, levelling 
colour. 

The Acid Dyestuffs are usually put on <the market in 
the form of tJie sodium salt of their sulphonic acid, though 
Ssome are put on the market as the lime salt, e.g. patent blue. 
Jt was formerly usually accepted that the.proaedure df dye- 
ii^ was as follows. The acid used combined with the sodium 
of the sulphonic acid group of the dyestuff, liljerating the free 
colour acid, which then combined with the base of the woql 
substaflcfi, forming a coloured compound, which represents < 
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the shade dj^ed. This idea was first shaken by Knecht 
(7. S. D. C. 1888, p. 107), who showed that if wool is first 
tj^ed with 5-10 per cent, sulphuric acid, and is then treated 
mhl^ater till no more acid is extracted, it dyes a fuller 
in a neutral bath with an acid dyestufi than is dyed 
with the same acid dye-stuffs in the ordinary way with acid 
in the dyebath. Hallitt (/. 5 . D. C. 1899, p. 30) showed that 
the free colour acids of acid dyestuffs do not dye wool in 
a neutral dyebath better than the alkali salts of the dye¬ 
stuffs,* whereas if the above idea held good they should do 
so. Finally, Fort has made mairy contributions »on this 
subject, which he has summarized {J. S. D. C. 1916, p. 33), to 
which the reader is referred for full details. He concludes 
that the wool base forms an additive salt with sulphuric 
acid, and that the process of dyeing wool with an acid 
dyestuff may be expressed by the following equation: 

Wool Base H2SO,i*r Colour Acid Na Salt^Wool Base Colour 
Acid+Na 2 S 04 

The reaction is reversible, which shows why Glauber’s 
salt is used as a levelling agent because it retards the rate 
of dyeing, whilst it also explains the reason why a boiling 
concentrated Glauber’s salt bath will more os less strip most 
Acid Dyestuffs from the fibre. To quoteT^ort’s own words, 
“ Commercial dyeing of Acid Dyestuffs is mainly dependent 
on the use of a free acid in conjunction with the dye, and the 
acid thus rendered to dyeing is dependent on the chemical 
reaction between dye and the acid fibre compound formed 
initially and not as hitherto commonly supposed as “process 
of libefation.of free colour acid in the bath.” The applica¬ 
tion of the Acid Dyestuffs is so simple that they are naturally 
of large consumption, since dyets rightly use them wherever 
possible. They are largely used for the dyeu^ of silk and 
the following branches of'wool dyeing: gentlemen’s suit¬ 
ings, ladies’dress goods, knitting and hosiery yams, carpets, 
and hat dyeiim. They find a limited application in the 
dyeing—or rather painting—of cotton pieces. Certain.types 
find very extended application in jute, paper, and ielther. 
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Application. 

Dissolving. —Stir the colour into a perfectly smooth 
paste with cold water, then dissolve by pouring boilmgjjsuiSc 
over it whilst stirring. Amongst the Acid Dyestuffs the 
solubility of individual members varies considerably, so 
that the above instructions arc superfluous for those which 
are freely soluble, at the same time it is advisable as a matter 
of dyehouse routine to .stir every colour into a perfectly 
smooth paste with cold water before adding boiling water. 
Such procedure will prevent the material being flecked, due 
to undissolved coloiu: getting unobserved into the dyebath. 

Assistants used.— Glauber’s salt is practically imivers- 
ally used with Acid Dyestuffs because it retards the rate of 
dyeing and thus helps to prevent the colour rushing on to 
the fibre, it therefore fills the role of a levelling agent. 

The acids which are commonly used are sulphuric, 
formic and acetic acids, whilst bisulphafe of soda (nitre 
cake) has not been used much in this country prior to the war, 
but stress of war conditions has forced its use, though dyers 
are loud in their complaints of the inconvenience caused by 
its storing and dissolving. The most convenient way I 
have seen of h^dling this product was to place it in a lead- 
lined tank into w-hich steam was blown from four sides. 
The resulting liquor was drawn off from the bottom by a 
tap and yielded a 12 per cent, solution of sulphuric acid. 

Of the above three acids .stflphuric acid is most commonly 
^jl^d owing to its cheapness. Formic acid is a compara¬ 
tively fiffw acid for wool-dyeing and is of practically equal 
power to sulphuric acid, but has the advantage* that its 
action on any cotton present is not so severe as that of 
sulphuric acid. It is, theMore, given the preference in 
dyeing woollen pieces containing cotton effect threads. 
Acetic acid is considerably weakfcr in acidity mid is always 
used when it is necessary to dye colour in a weakly acid 
bath or in the dyeing of goods which are difficult to pene¬ 
trate : in other words, dyeing proceeds mu& slower when 
" acetic atad is used. 
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Bisulphate of soda (nitre cake) when dissolved in water 
resolves, itself into Glauber’s salt and sulphuric add, so 
4 ]}at it is quite suitable for use in dyeii^ acid dyestuffs. It 
ma^e averaged as containing 25 per cent, sulphuric add. 

It has always been largely used in continental practice, 
but has only been largely used in Great Britain since the war. 

Dyeing. 

S^k. —Dye in a boiled-off liquor bath broken with 
sulphuric, formic or acetic acid. Start the bath lukewarm, 
raise gradually to i90'’-200° F. (go'-qs*’ C.), and .dye J-i 
hour at this temperature. It is not advisable to actually 
boil the dyebath for silk, because many acid dyestuffs begin 
to boil off the fibre at the actual boil. ' Again, certain dye¬ 
stuffs, such as roccelline, have so pronounced an affinity 
for the silk that they can be dyed equally satisfactorily at 
a lower temperatiue than indicated above. The lower 
the temperature dhiployed, the better is the natural lustre 
of the silk preserved. After dyeing rinse and brighten in 
weakly acidulated water. The special methods for certain 
dyestuffs given under “ Wool ” are equally applicable to silk. 

It has become an increasingly common practice to we^ht 
silk by means of stannic chloride and sodium phosphatfe 
in order to reduce the price. This is vefy liable to cause 
trouble to the dyer in several ways. If the weighting is not 
carefully done, the tin salts may be precipitated unevenly 
on the fibre, which it is then subsequently impossible to dye 
level. 

If weighted silk is stored any length of time the weighting 
is liabla ti) decompose and it is impossible to dye such silk 
level. 

Finally, many acid dyestuM which will dye unweighted 
silk satisfactorily possesses no affinity for the weighted silk 
due to the tinsalt^esisting'the dyestuff. 

It will be useful to include here two methods of dis¬ 
tinguishing th| weighted from J;he unweigj^ted silk. A 
simple test to distinguish between unweighted and tin- 
weighted silk is to boil some with a little alizarufe .orange 
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paste. If tlie silk is tin-weighted the silk will be coloured 
bright orange, owing to the combination of the aliiarine 
orange with the tin on the fibre. An unweighted silk 
only be stained a dull bluish pink. 

Another largely used test is to boil the silk with logwoqd 
and acetic acid. Tin-weighted silk is coloured violet, due 
to the formation of the logwood-tm lake; unweighted silk is 
stiined red, i.e. the colour of the logwood and acetic acid 
solution. 

Wool .—In dyeing the average acid dyestuff the*bath, 
in which there is about one foot of water, is charged with 
the requisite colour and Glauber’s salt. This is boiled 
for ten minutes, then the bath is thoroughly stirred with a 
rake. Another method is to put the colour in a cotton 
bag and boil the bag till all the colour is dis.solved. The 
material is entered, worked ten minutes, steam turned on, 
and the bath brought to the boil hi g- hour and dyeing con¬ 
tinued at the boil for |-i hour. The anfount of Glauber’s 
salt and sulphuric acid used varies with the depth of shade, 
thus 


Colour. 

Glauber’s S<ilt. 

Sulpluiric Acid. 

per cent. 

10 per cent. 

1 per cent. 

ft f 

10 



20 

3 

>» 

25 

4 

,, (Blacks) 25 

5 


, Several modifications of the above method may be made, 
eSAich depend on the class of the material being dyed and the 
nature ^ the dyestuff employed. The following modifica¬ 
tions maybe made and their adoption in suitable cas& must 
be left to the discretion and experience of the individual dyer. 

If tlie colour belongs to the lasy-levelling class the material 
may be entered into the bath at a much higher temperature, 
and no time need be wasted in raising th^ batfe to thtf boil, 
if a colour shows a tendency to rush too quickly on to the 
fibre, the ampunt of Glaqber’s salt should ]je increased to 
40-50 per cent, and acetic acid substituted for sulphuric 
heid, r^iifch prevents the colour striking too rapidly; a« 
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little sulphurip acid may be added towards the end of the 
dye^g if the bath cannot be sufficiently exhausted with 
acetic acid. Another way is to start the dyebath with the 
"SMoju and Glauber’s salt only, and to gradually make the 
bath'^cid by adding the acid, well diluted with water, in 
shiall quantities at intervals after the material has been 
thoroughly saturated with the colour solution. 

If difficulty is experienced in getting the colour to pene¬ 
trate thick cloths or tightly twisted yarns, and the above 
modifications do not give the desired result, then use is 
made of acetate of ammonia. Acetate of ammonia may 
be made by mixing four parts ammonia (24 per cent.) with 
10 parts acetic acid (30 per cent.); this will be slightly 
alkaline to litmus, which is no disadvantage when it is 
being used for dyeing. As the bath gets hot the ammonium 
acetate splits up into ammonia (which boils away) and acetic 
acid. The result is that the bath becomes slowly acidified, 
so that the dyeing proceeds regularly and slowly and the 
dyestuff is prevented from rushing on to the surface of the 
material. When using acetate of ammonia, it will usually 
be found necessary to add acetic or even sulphuric acid 
towards the end of the dyeing in order to exhaust the bath. 
Woollen pieces containing cotton or artificial silk effects 
which have to be left white or, if coloured, tmstained require 
to be dyed in a strongly acid bath. Formic acid is often 
used for this purpose because it has not the same tendering 
effect on the cotton and artificial silk as sulphuric acid. 
Such pieces should be washed off immediately after dyeing, 
and no time should be lost in drying them ; if leu' lying 
about is ttie wet state, the wool colour is very liable to 
bleed on to the,effects and stain them, although they were 
perfectly clean when they came cut of the dyebath. 

The alkali blues give very fine bright shades on wool 
and silk; the;^ are still greaft favourites for the latter fibre. 
They require to be’ dyed in the following maimer : dye at 
195® F. (go® C.) for J hour with the,addition of 1-4 per cent, 
borax or 1-3 p'er cent, soda ash, wash and” develop) for 
i-J hour at ioo®-i40® F. (40®-6o® C.) in a bath containing 
* jsi 3 * 
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1-4 per cent, sulphuric acid according to the d^pth of shade 
being dyed. In the dyebath the shade is very weaklj^blue, 
but develops up to a full blue in the acid-developing bath. 
This method of dyeing has to be adopted becaiise sul^hafic 
acid precipitates alkali blue, due to the insolubility of the 
free colour acid in water. 

The sulphoncyanines and allied dyestuffs have won 
foi themselves a most important place in wool-dyeing, due , 
to their fastness to light and milling, but their adoption by'' 
the dyeing trade was very slow, due to the many difficulties 
encountered in their application. This is now thoroughly 
understood, with the result that these dyestuffs have become 
standardized for certain classes of goods, especially piece 
dyed goods. 

The following three points must be carefully attendied to 
in order to get successful results ;— 

1. The wool must be perfectly scoured and free from 
grease; this is, of course, true for alb wool colours, but 
sulphoncyanines are peculiarly sensitive to any grease or 
soap residues. 

2. Sulphoncyanines are sensitive to reducing agents, 
e.g. stoving with sulphur dioxide reduces them to brown. 
This browttredaiction can take place in the dyebath, especially 
if the bottom of the cistern is covered with large perforated 
iron plates. I have come across such instances of the wool 
coming out brown instead of blue due to this cause. Fortu¬ 
nately the prevention of this reaction is very simple. Sul- 

.©honcyanines are unaffected by boiling with bichrome, 
so it is*aiways advisable to dye with the addition of J-i per 
cent, bichrome, which immediately kills any reduting agent, 
which may be generated in the bath. It wjjl also be found 
that this addition of bichi 4 )me yields brighter shades than 
if no bichrome is added. This is particularly noticeable 
the longer the dyeing is continued. It is due to the fact that 
a certain amount of this reduced brown*colour is produced 
in each dye^g which sufficient in quantity to flatten’ 
the shade. Bichrome prevents the formaffon of even this 
small jqflantity and so yields br^lhter shades. 
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3. The sulphoncyaniries have a very marked affinity 
for wool and silk, so that they cannot be dyed level in the 
jjormal method of application used for Acid Dyestuffs. 

above explanation makes clear why it is necessary 
tp dye the sulphoncyanines as follows:— 

The dyebath is charged with the requisite amount of 
colour, l-i per cent, bichrome and 10-25 per cent. Glaub^’s 
salt. The material is entered cold and the bath carefully raised 
to the, boil in the course of J-i hour. It is not necessary to 
have the bath boiling vigorously, but just simme ring The 
bath is now usually well exliausted, steam is shut*off, and 
2-5 per cent, acetic acid, well diluted with water, is added, 
steam put on again, and dyeing continued for | hour at the 
boil. The opinion of dyers is divided on the question of the 
addition of acetic acid. Those who do not use acetic acid 
argue correctly that the danger of uneven results is much 
reduced if no acid is added; on the other hand, it is agreed 
that the shade is fuller, though less bloomy, if acetic acid 
is added. In dyeing loose wool, therefore, on which abso¬ 
lutely level results are not of such moment, acetic acid 
should be added; if dyeing yarn or piece the use of acetic 
acid must be left to the discretion of the dyer, but it is safej 
to omit it even at the expense of some loss pf’colour. 

All wool which is to be dyed with sulphoncyanines 
should be carefully scoured, because if not uneven results 
will be sure to ensue. Dirty pieces, or pieces which have 
been stored for some time, should be chromed before dyeing. 

Another method which is advisable for dyers to "je who 
have reason to doubt pieces coming to them is to run the 
pieces through a weak ammonia bath at 140° F. (60® C.). 
Take i quart ai ammonia for go lbs. material. This will 
remove any soap residues on the pieces. 

The dyeing of wool mqy take place at four different 
stages \»f its manufacture, viz. 

1. Loose Wool. 

2. Slubbing.. 

. 3. Yam. 
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The particular stage in which the wool is dyed depends 
upon the quality and class of goods into which it is going to 
be manufactured, thus it is essential for goods showing ^ 
mixture effect that the wool be dyed in the form o^ld^ 
wool or slubbing, and the mixture effect be obtained by 
blending. Wool for carjiets is universally dyed in the form 
of yarn, as is a large proportion of knitting yarn. The majority 
of ladies’ goods and the cheai>er qualities of men’s goods, as, 
well as blacks and blues in the best qualities, are dyed in 
the piece. Dyeing in the piece is the cheapest method and 
is adopted whenever circumstances will permit. Dyeing 
in the form of loose wool or slubbing is the most expensive, 
but gives the best results, since the individual fibres are more 
thoroughly penetrated than is mechanically possible with 
wool in the form of yarn or piece. 

In whatever form the wool is dyed it is essential in order 
to obtain fast, clean and level results, that the wool be 
efficiently scoured, so that the colour mai? not be prevented 
by grease from penetrating the fibre. Many cases of unlevel 
dyeing prove on examination to be due to inefficient scouring 
or to the precipitation of lime soaps on the wool, due to 
the presence of lime salts in the water or to the applica¬ 
tion of soap' td carbonized goods before the acid had been 
thoroughly neutralized by a preliminary treatment with 
alkali alone.—Lime soaps may be removed by treatment 
with spirits of salts, since this liberates the soap and combines 
with the lime to form calcium chloride, which may be easily 
■Tbmovq 4 .t>y washing. The liberated soap is removed in a sub¬ 
sequent bath with warm weak ammonia. Sulphuric acid must 
not be used in place of spirits of salts, since this cfimbines 
with the lime to form sulphate of lime, which is very insoluble 
and cannot, therefore, be thoroughly removed by washing. 

Loose wool is dyed in open yats of iron or wood, or in 
one of the many forms of loose-wool-dyeing machindfe, into 
the merits of which it is not the author’s province to enter. 
Slubbii^ is cither dyed«in the ball form jn suitably con- 
strudiei^ machines or wound into hanks and dyed in ^ 
ordinary cistern or hank-dyeing machine. 
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Yarn is dyed in a suitably constructed machine or in the 
open cistern, in some of which the width allows for 2 lbs. 
'on each stick, whilst others permit of 4 lbs. on i stick. Arms 
are fuequently arranged over the cistern, so that when it is 
necessary to lift the yarn the sticks may be lifted straight 
on to these arms. The height of the arms is so arranged that 
the yarn clears the dyeliquor by at least 6 inches. 

In piece dyeing the winch machine is practically the only 
one at present used; whenever possible two methods of driving 
shoulS be available; first, a drive from the mill shafting, 
which is the more economical; and secondly, a donkey engine, 
so that the dyeing may be continued when the mill engine is 
stopped. For each of these drives a reversing gear should 
be fitted, so that the winch may be turned in either direction 
in case the pieces become entangled, etc. Pieces having 
tightly-woven lists which curl badly should be sewn together 
at intervals of 3 to 6 inches. Dark lists can usually be 
avoided by letting the pieces run in rope form and changing 
the position of the folds by occasional poling. When 
dyeing pieces it is absolutely essential in order to ensure 
level results that all pieces be properly scoured and that all 
scouring agents be thoroughly removed; if the pieces a|e 
not to be dyed immediately after washing off*they should 
be always folded so that the tail-end of the piece completely 
envelopes the whole. 

It is always advisable to tenter the pieces, if they have 
to stand some time before dyeing, because in the wet state 
the wool has a greater tendency to be acted upo^iby the 
atmosphese and thus give rise to unevenness and stripiness, 
since the affinity of wool which has been exposed to air 
and light is quite different frojji wool which has not been 
so exposed. This difference is only apparent after d3'eing. 
When the pieces are dyed .to the required shade, shut off 
steam and ruh stra^ht into a tank of cold water, rinse well 
and cuttie again, taldng the precaution to wrap up in the 
tail end of the piece, tmless it is goftig to be put? immediately 
on the machine. Carbonizing is a constant spufce of 
'trouble if care is not exercised in carrying it out. ‘It has 
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for its object the removal of vegetable impuilti^ from the 
wool. Wool is usually carbonized with sulphuric acid, 
whereas rags for shoddy manufacture are usually carbonized- 
with hydrochloric acid. 

Wool is carbonized in the form of loose wool or piece*. 
The wool is saturated with sulphuric acid 5° Tw., then hydro- 
extracted and dried at 180“ F. (80° C.). This treatment 
disintegrates all vegetable matter. The two points which«' 
must be watched from the dyer’s point of view, partictilarly 
with pieces, are 

1. Wool saturated with acid if exposed to light is so 
changed that it refuses to take the dyestuff. If, therefore, 
a piece is so exposed these exposed places refuse to take the 
dye and the piece is ruined. 

2. No soap must be allowed to come into contact with 
carbonized wool until the wool has been thoroughly neutral¬ 
ized with soda ash. If such a thing does happen then the 
soap is decomposed by the acid into free fatty acids, which 
stick to the cloth and play havoc in the subsequent dyeing. 

Correction of Uneven or Wrong Shades,—Material 
dyed wdth acid colours which is slightly uneven may often 
fcje corrected by boiling in clean water with a large percentage 
of Glauber’s' salt^ if necessary with some grey material to 
absorb some of the colour. If this is not effective, strip some 
of the colour off with hot ammonia, then re-dye on the colour 
by gradually acidifying the bath. If this is not sufficiently 
effective the colour must be stripped downwithhydrosulphite, 
*’ Jutft«rA limited number of Acid Dyestuffs are of the 
greatest importance for jute and are largely used. They 
possess several advantages over the Basic Dyektuffs because 
they dye on more slowly an^ therefore penetrate or " heart ” 
the jute fibre better. They are also faster to rubbing, 
whilst they are also much faster to light. The following 
Acid Dyestuffs are commonly used for jutt;® * 

Indian yellow. Fast red. 

Acid scarlets. Acid green f' 

•Soluble blues. Naphthalene black laB. • 

. Orange IV., II. 
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Dyeing is carried out at'the boil with the addition of 
Glauber’s salt and acetic acid, or with alum. In general 
' it may be said that acetic acid gives cleaner shades, but alum 
gives Hie fuller shades. The above remarks apply equally 
tt) coir fibre, piassava, sisal, straw, wood chip. 



Section IV.—TRUE ALIZARINE AND OTHER 
MORDANT DYESTUFFS 


Though true alizarine d}’estufis are quite distinct cheiflically 
from the other mordant dj'estufis their methods of applica¬ 
tion overlap sufficiently closely to justify their inclusion in 
the same section. The methods of application detailed 
hereafter apply to the following groups of mordant dyestuffs : 


Anthracene Dyestuffs. 
Monoazo Dyestuffs. 

Disazo Dyestuffs. 

Oxazine Dyestuffs. 
Triphenylmethane Dyestuffs. 
Nitroso Dyestuffs. 
Oxyquinone Dyestuffs. 
Xanthene Dyestuffs. 


Alizarine. 

Mordant Yellow O. 
Diapiond Black F. 
Gallocyanine. 
Chrome Violet. 
Gambine. 

Alizarine Black. 
Coerulein. 


In the naming of colours w'hich may be applied in the 
same way as true alizarine dye.stuffs there has been a regret¬ 
table looseness which may mislead those wdio are not familiar 
with the constitution of the colours concerned. For in¬ 
stance, anybody seeing anthracene yellow BN for the first 
time wmtld naturally conclude that it bore at least some 
chemical relationship to anthracene, whereas iff-has none, 
but it is a monoazo dyestuff derived by coijifcining salicylic 
acid on diazotized B naplifhylamine mono sulphonic acid. 
Again, acid alizarine brown would lead the uninitiated to 
conclude that it belonged to the alizarine class, ryhereas 
it has no chemical relationship w-hatsoever to alizarine, but 
is made by combining meta phfnylene diamine on ortho- 
amido-phendl-mono-sulpiionic acid. However, they may 
fill b^ treated together from a dyeing point of view. 

Frbm another point of view the true alizarine dyes 1 ai|fif 
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sharply differentiate themselves from other mordant dye¬ 
stuffs, in that true alizarine dyestuffs will not dye wool 
without the aid of a mordant, whereas the other mordant 
dyestufis will dye wool a more or less deep but not fast 
a)lour without the help of a mordant. 

This class of dyestuffs is applied to silk, wool and 
cotton and yield some of the fastest shades obtainable on 
these fibres : they are consequently used for the best classes 
of work on the respective fibres. For example, Turkey red 
(alizarine on alum mordant) has remained for years without 
a rival as the fastest obtainable red on vegetable fibres. 
Of recent years para red (paranitraniline coupled with B 
naphthol) has displaced it—more particularly on pieces— 
not on the score of fastness, but on the score of cheapness 
and ease of application, thus enabling increased produc¬ 
tion. It is safe to say that vat red will sooner or later 
also rival it. On wool the shades obtained are so much 
superior in fastness to light that they have displaced all the 
old dyewoods with the exception of logwood—which holds 
its own, due to its beauty of shade and cheapness—and 
fustic, which holds its place as a yellow owing to yellows 
being the weakest member of this series—there being no 
true alizarine yellow. With the increasing” adoption bf 
the single-bath methods of dyeing, both logrvood and fustic 
were—until the war revived them—lasing ground. On silk 
shades of perfect fastness to boiling soap are obtained; 
shades which cannot be obtained by any other method 
of dyeing. The mordant dyestuffs are put on the market 
in the^ fqrm of ])astes and powders. Some of the former 
are delivered in the form of their bisulphite compounds,, 
particularly afizarine blues. The bisulphite compounds of 
the alizarine dyestuffs are scJluble as compared with the 
alizarine dyestuff itself, which is insoluble. On warming to 
160° V. (70° *0.) the bisulphite compound splits up and the 
insoluble alizarine dyestuff is precipitated. This entails 
special precautions in dyeing these compotir 4 s, which are 
detailed later. 
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Appucation. 

Dissolving,— Pastes are stirred into a perfectly smooth 
paste with cold water, then added to the dyebath IJirough 
a fine hair sieve in order to catch any lumps which wouli 
give trouble if they got into the dyebath undetected. 
Powders are dissolved by the methods already detailed in 
Section III. 

Cotton,— The main use of the alizarine dyestuffs in 
the dyeing of cotton is alizarine on an alum mordSnt to 
produce'the well-known Turkey red, but in calico printing 
their application is much more widespread. 

The dyeing of Turkey red on cotton is a section of the 
dyeing trade which has bcome concentrated in very few 
hands in the countries in which it is dyed. The author 
makes no claim to any experience in this special line of 
dyeing. The two sources for which I am indebted for the 
following details arc “The Manual of "^Dyeing,” Knecht, 
Rawson and Lowenthal; and “Turkisch Rot and Seine 
Concurrenten,'' by F. Felscn. Previous to the introduction 
of synthetic alizarine Turkey red was dyed with madder. 
It is one of the oldest processes extant, and travelled from 
t^e East Ifldfcs ^to France via Persia, Armenia, Syria, to 
Turkey and Greece. 1790 is given as the probable date of 
its introduction to Great Britain at Glasgow, and the Vale 
of Leven is still the locality in which it is most largely 
dyed in Great Britain. The process as carried out in olden 
.slays Ijgted as long as four months, which has now been cut 
down to tluee days, though the fastness is nq|t as good. 
Felsen states that the old Turkey-red process now takes 
eighteen days, as against five days for the new Turkey-red 
process. Turkey red as produced on the fibre is not a simple 
aluminium alizarine lake, but is a compoimd lake of alu¬ 
minium and calcium with alizarine. Thu following are the 
processes involved in the production of what is termed dd 
and new Turkey red. The distinction between thew two 
process^ is that in the old process the oil is rancid olive oil. 
whilst* in the new process the oil used is s^phated cas^^' 
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oil. As can be noted from the number of operations, the 
second process is much cheaper than the first; at the same 
'time, repeated washing tests show that the old process gives 
.the fast/er colour, but it must not be thought the new Turkey 
red is not a satisfactory colour, because it is a very fast 
colour. 


Turkey-red Dyeing Processes. 

014 Process or Emulsion Process. —The process which 
serv^ for the production of the very fastest Turkey red on 
cotton yarns is conducted in the following manner 

First Operation—Boiling, —The yarns are never 
bleached by chemicking (or treatment with chloride of lime 
solution), but simply freed from the naturally adhering fatty 
and resinous substances by “ bowking ”— i.c. boiling under 
pressure with alkaline liquors. The general method is to 
boil the yarn for four to five hours, under a pressure of 
30 lbs., in a solution of caustic soda-lye of 1° Tw. Some 
use silicate or carbonate of soda or work in low pressure 
kiers; in these cases the boiling has to be continued for 
six to eight hours. When the yarn has been thoroughly 
cleaned in this way it is W'ashed well with water, hydro- 
extracted, and dried in a stove at F. (50'^ 

60° C.). 

Second Operation—First Green Liquor.— The yarn is 
passed into the so-called first green liquor, which is prepared 
by mixing rancid olive oil with sodium carbonate and sheep 
or cow dung. The most suitable olive oil is t^at whidf 
forms thejnost perfect and permanent emulsion with the 
smallest qualitity of sodium carbonate. For 100 lbs. of 
yarn the bath 'is made up with 15 lbs. of emulsive oil, i J to 
2 lbs. of dung, 20 galls, of water, and so much of a concen¬ 
trated solution of sodium carbonate as will bring the liquor 
to a specific •gra'Wty of 2“ Tw. In this bath the yarn is 
thoroughly saturated with the emulsive liquor, at a tempe¬ 
rature of abouhioo° F. (40° C.), f®r half a minute, and then 
warung out evenly. This process, usually called l^amping, 
'fe ,done by “ tramping machines,” which steep tho single 
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hanks into the liquors and often also wring‘out the hanks 
without much hard labour. After being well prepared the 
hanks are thrown out into heaps for the night; on the 
following morning they are exposed to the open ait until 
they feel dry; and finally, they are placed in “stoves*” 
heated to 140° F. (60° C.) for twelve hours (stoving). In 
some works which produce the very best kinds of Turkey 
red, as regards fastness to alkalies and to chlorine, the* 
yams are exposed in the open air for three or more, days, 
and then they need not be placed in the stoveswhile 
at present they are frequently brought straight into the 
stoves after having been piled up overnight. In this last 
case the steam given off in large quantities during the drying 
must be allowed to escape, as its retention causes the fibres 
to be tendered. During the prolonged exposure of the yarns 
in the open air the fibre is bleached by the sun, especially 
in the sunny Eastern countries ; the slightly greater brilliancy 
of the Turkey reds which have been produced in the East is 
attributable to this action. 

Third and Fourth Operations—Second and Third 
Green Liquors. —These consist of a second and third repe¬ 
tition of the second operation, the object being to increase 
I 3 ie amounttpf bil^n the fibre. The baths are prepared exactly 
as for the first green liquor, and the goods are steeped, 
exposed to the air, and stoved as before; but it is not 
necessary to pile them up to lie in heaps overnight. 

Some of the alkali which is used in prepaiir^ the bath 
<s liberated by the chemical transformation of the oil in 
the fibre and dissolves, during the second and t^d treat¬ 
ment, in the green liquoi, which is absorbed- by tfie yarn. 
The excess of this liquor, which is pre.ssed oiit by the wring¬ 
ing of the hanks, if allowed'" to flow back into the tramping 
tank, would change the specific,gravity of the bath, and as 
it is of importance that all the liquors should be mauftained 
regularly of the same specific gravity, only the liquor which 
is expressed, during the* steeping in the first oil bath is 
allowed to run back into the tramping tank; that from the 
second and third oil baths is collected separ|tely and used* 
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only after being reduced to its original specific gravity by 
dilution with water. 

About 30 per cent, of oil of the weight of the yarn is 
used, but only a part of this is permanently fixed in the 
^re. • 

Fifth, Sixth, Seventh and Eighth Operations—First, 
Second,Third and Fourth White Liquor Baths.— The yarn 
^has been impregnated with oil, and the latter transformed 
into such a state by the lianging and stoving operations 
that A is not readily stripped by weak alkaline liquors. 
A part of the absorbed oil, however, has not become in¬ 
soluble or adlieres superficially to the fibre. This oil is 
removed by repealed treatments with alkali in order to 
avoid the formation of the "surface” colour, which is 
always disposed to rub and smear off. 

The goods are tramped for this purpose four times in 
solution of sodium carbonate (2° Tu'.), wrung out, hung up 
in the open air, an^ " stoved ” as in the previous operations ; 
a different bath is used each time. The oil which is stripped 
from the fibre forms an emulsion and imparts a white 
colour to the bath, hence the name white baths. The old 
white baths may be used for the preparation of fresh green 
liquors. 

Ninth Operation—Steeping.— The y^rn is steeped for 
a further purification in water at 130° F. (55° C.) for twenty- 
four hours, washed well and stoved at 140° F. (60® C.). If 
it still contains much unmodified oil a solution of sodium 
carbonate at J® Tw. is used, the yarn steeped two hours in, 
tepid water, washed and dried. 

Tenth'operation—Sumaching or Galling.— An in¬ 
fusion is prepared of 12 lbs. of best leaf sumach for every 
100 lbs. of yam, and the cold solution is filtered and diluted 
to ij° Tw. The yarn, while still warm from the stoving 
operatfon, is steeped for six hours in the solution at 120® F. 
(50® C.), and then hydro-extracted. It thus takes up a 
certain amount of tannic acid. 

. Eleventh Operation—Aluming or Mordanting.-jCake 
^lum is dissolved in warm water and, when nearly cofd,.a cold 
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solution of one-fourth its weight of soda crystals is added; 
Fifteen to twenty per cent, of red liquor, 16° Tw., and 0’5 to 
07 per cent, tin crystals (of the weight of the alum) are 
often added to the liquor, but these additions are not 
essential. The addition of stannous chloride is ma^e 
to prevent ferric oxide from entering into the colour lalce 
and to introduce tin in some form into the colour, to make 
the shade more fiery. In this solution, whicli is brought to^ 
a specific gravity of 8^ Tw, and kept at a temperature of 
ioo“-i20° P'. (40°-50° C.), the yarn is steeped for twenty- 
four hours, then thoroughly washed and hydro-extracted. 
By this operation aluminium salts are formed, with the 
previously fixed oxyfatty acids and tannic acids. 

The yarn, which is at last ready for dyeing, should now 
possess a deep yellowish tinge. 

Twelfth Operation—Dyeing.—The goods are best 
dyed in wooden vats with closed .steam coils of tinned copper. 
Iron vessels must be covered from tu:;e to time with a 
coating of insoluble iron tannate, by boiling out with a 
weak decoction of sumach; if this is not done the red 
shade will be rendered dull by iron compounds. 

The water used for dyeing should indicate 2®-3° of 
hardness (Q^jjke’s scale); if it contains little or no lime, 
a suitable amouitt of ground and washed chalk (about J per 
cent, of the weight of the 20 per cent, alizarine paste em¬ 
ployed) must be added. Very hard water, or water whidh 
contains iron, cannot be used in Turkey-red dyeing. 

The dyebath is prepared with 8 to 10 per cent, of aliza¬ 
rine (20 per cent.), i per cent, of tannic acid (or 3 to 5 per 
cent, of good siunach), and about 30 per cenj. Si ox-blood 
(of the weight of the cotton). The yarn is altered into the 
cold dyebath, the temperature gradually raised to boiling 
during one hour, and maintained so for thirty to sixty 
minutes longer. After dyeing, rinsing in watej is advisable. 

The goods now possess a dull red colour, which is trans- 
ftarmed by the "clearyg” processes into the briSiant 
Turkw-red shade. 

Tmiteenth Operation-First Clearing.—The yam’ii; 
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bdkd for four, hours in open pans or under a pressure of 3 
to 4 lbs. with about 3 per cent, of soda crystals and 3 per 
cent, of palm-oil soap, dissolved in a sufficient quantity of 
water. 

^ Fotllrteenth Operation—Second Clearing.— The yarn 
is boiled for one to two hours at 3 to 4 lbs. pressure with a 
solution of 2} per cent, of palm-oil soap and 0-15 per c«»nt . 
of tin crystals (of the weight of the cotton), and afterwards 
thoroughly washed in water. The excess of water is re¬ 
move^ by mechanical means (hydraulic press or hydro- 
extractor), and then the goods are dried in an ^pen-air 
shed. This closes the long chain of operations. 


New Turkey-red Process. 

Sulphated Oil or Turkey-red Oil Process for Yarn 
and Piece Goods. —This process also yields beautiful red 
shades, which arep however, not quite as fast as those 
obtained by the preceding process. 

Turkey-red oil prepared from castor oil is most generally 
used; sulphated oil can be employed, but has not proved 
so good, as it does not oxidize and polymerize as readily. 
Very good results arc obtained with a carefull^jjade castoi# 
oil soap— i.e. sodium ricinoleate, but this iS not used on the 
large scale. 

First Operation—Bolling. —This is done exactly in the 
same way as in the preceding processes. Bleaching has to 
be resorted to in the case of light shades (especially pinks)^ 
to obtain bright tints, but the action of the cMb^e has 
to be restricted as far as possible to the destruction of 
the natural colouring matters of the cotton fibre, while 
the formation of oxycellulose i»ust be prevented; for this 
reason, hypochlorite of soda is preferable to bleaching powder 
or better still is bleaching with potassium permanganate. 

Second 6peration—Oil preparing,—The washed 
goods are hydro-extracted, but no^ dried, and then worked 
in a bath containing 10 to 20 lbs. of neutralizes Turkw-red 
^oil (50 per cent.) for every 10 galls, of water.* ^^en 
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thoroughly saturated with the liquor they are evenly wrung 
out. 

Third Operation—Stoving, —The oiled goods are dried 
at temperatures ranging from ioo°-i4o'’ F. (40°-6o° C.). 
For the production of a bright and intense red the operations 
of oiling and drying and subsequent aluming are repeat 4 d 
once or twice. Frequently the oiled goods are steamed 
under a pressure of 8 lbs. for sixty to ninety minutes, but 
this is not essential. ' 

The compounds constituting the Turkey-red 'qjl are 
decomppsed by the operations of oiling, drying, and steam¬ 
ing, ammonium or sodium sulphate and various organic 
acids being formed. The latter are similar to the corre¬ 
sponding substances deposited in the fibre in the older 
processes, and consist of products of the oxidation and 
polymerization of ricinoleic acid, etc. 

Fourth Operation—Aluming.— The goods are worked 
for five or six hours in a warm bath ioq,° F. (40° C.) of red 
liquor 10° Tw. or of basic aluminium sulphate 10° Tw., well 
wrung out and dried at 100'’-120° F. (40°-5o“ C.). 

Fifth Operation—Chalking,— This resembles the 
treatments in the other Turkey-red processes by which the 
material isijvprked in a weak alkaline bath for the purpose 
of purifying it frdm an excess of oil; in this process, however, 
the purification takes place after the aluming, so that not 
only is there a removal of oil, but also a more complete 
precipitation of the alumina which has been absorbed by 
^the fibre during the aluming. A chalk bath is generally 
employed^ for this purpose (chalking). Brighter colours 
are said to be produced when phosphate of soda, or am¬ 
monium carbonate are employed as fixing agents. Arsenate 
of soda gives still brighter colours than the phosphate. 
The cotton is worked for thirty minutes at go°-ioo‘’ F. (30®- 
40° C.) in a bath containing J lb'; of ground chalk per ifi gals, 
of water, then thoroughly washed and dyed without drying. 

Sixth Operation —ipyeing.-vModerately hard water 
free fjom iron, exactly as in the emulsion prdbess, is required 
For ver^ deep shades about 15 per cent, of alizarin (yelldw 
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shade) is oeces^ary; a hue pink is obtained by this process 
with I or 2 per cent, of alizarin V. The whole quantity of 
the dyestufi is added to the dyebath, and the goods are 
introduced at a temperature not exceeding 25° C. and 
turned for twenty minutes; in about half an hour the bath 
is*heated to i40°-i6o° F. (6o‘’-7o‘’ C.), and maintained at 
this temperature for one hour. After dyeing, the goods are 
wrung and dried with or without previous washing. 

’ Seventh Operation—Second Oil preparing.— The 
materjil is impregnated once more with a solution of 
neutrdized Turkey-red oil (5 to 10 lbs. per 10 galls.) and 
dried. The second oiling may be dispensed with or take 
place after the mordanting. In the latter case a fresh treat¬ 
ment in a weak solution of basic aluminium sulphate or red 
liquor follows for the purpose of fixing the oil. 

Eighth Operation—Steaming.— The goods arc steamed 
. for one hour at 15 lbs. pressure or two hours without pressure 
to develop the colour. According to a more recent process, 
neither oiling nor steaming follows the dyeing; the dyed goods 
are simply heated for some hours in water under considerable 
pressure. It is said tliat the beauty increases up to a pres¬ 
sure of about 65 lbs. When the goods come from the dye- 
bath they possess an orange tinge, and a part dyestufb 
can be stripped by rinsing in water, since it fs not intimately 
combined with the mordants. The complex lake is formed 
by steaming only, and the material then receives a dull 
red colour which is brightened by the clearing baths. 

Ninth and Tenth Operations—First and Second 
Clearings. —^These operations may be executed in the 
older processes j but less severe treatments are sufficient. 
A fine brilliant tied is produced by once or twice boiling 
imder 4 to 8 lbs. pressiue for thirty to sixty minutes in ^ per 
cent, soap solutions (without any further additions). The 
soaped goods are well washed in water and dried at a moderate 
temperature. 

The process can be simplified by^aising the temperature 
of the dyebath tS the boiling point. In this case the ojlmg 
after dyeing is to be omitted, and the steaming mqy be 

* 4 
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dispensed with. But the shade is never so bright or fast as 
that of the colours which have been produced at a lower 
temperature with subsequent steaming. 

Silk.— The true alizarine dyestuffs yield on silk shades 
of excellent'fastness to light, boiling soap and Vashii^. 
They are largely used for what is termed fast work or boil¬ 
ing shades, chromium being the mordant employed. In order 
to preserve the lustre of silk, it is not mordanted in the 
same way as wool, but in the following way :—Mordant the 
silk overnight in a cold bath of chromiimi chloride 3?.° Tw., 
or chrome alum 9° Tw., then wring out, wash thoroughly, 
work half an hour in a cold bath of sodium silicate f° Tw., 
and wash thoroughly. By this means basic chromium salts 
are precipitated on the fibre. Dyeing is carried out in a 
boiled-off-liquor bath broken with acetic acid: enter the 
silk cold, give a few turns, raise the bath to the boil in 
hour and dye at the gentle boil one hour ; wash off and 
brighten in weakly acidulated water. . 

The fastness of the shades obtained by this method varies 
with mordant dyestuffs other than the true alizarine series. 
Preliminary tests should always be made of such a dyestuff 
before it is dyed on the large scale. 

• In casitasuch as the dyeing of silk noils in which the 
preservation ofHhe lustre is not of great importance, the 
topchroming and metachrome methods may be used with 
advantage; for details see under wool. 

Wool. —The mordant dyestuffs are of the highest im- 
, portance, and are largely used in the dyeing of all classes pi 
woollen ^d worsted goods, for which the greatest possible 
fastness is required, e.g. Scotch tweeds, Wesf of England 
cloths, fine worsteds, etc. They arc appliai in practice by 
the three following methods 

I. Chrome mordant. 

3. Topchroming mordant. 

3. Addition of bichrome at the start (metachrome 
method). , 

Each of the three methods have their advantages aiill 
disadvamtages according to the class of work being 
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Tlie chrome njordant method is the oldest method, aad the 
application of the true alizarine dyestuffs is confined to this 
method, but other mordant dyestuffs, such as diamond black, 
are more frequently applied by Methods 2 and 3. It may 
with fairness be stated that Methods 2 and J are destined 
to oust Method i for most work. I have not. however, the 
least hesitation in stating that the chrome mordant method 
is easily the best for fancy shades on yarns and pieces, 
both for level results and ease of matching off. For bulk 
work jS blacks and blues Method 2 is widely adopted, whether 
in the form of loose wool, slubbing, yam or piece% but for 
general work in loose wool and slabbing Method 3 has special 
advantages. 

" Chrome Mordant .—This mordant is practically the 
only mordant used nowadays, whereas when the old dye- 
woods were in vogue iron, tin, alum, and copper were largely 
used as well as chromium. The disadvantage of this process 
is that it is a two-l^th process, which involves more labour, 
steam, time, and water, all of which are factors which 
modern tendencies in dyeing are always striving to reduce. 
Nevertheless, it has solid advantages for certain classes of 
work which induces its use. 

In piece dyeing chrome mordanting alway^^j* the effect 
of cleaning the pieces and thus favouring lev 61 results. From 
the dyer’s point of view it is the safest method for dyeing 
fancy shades on pieces arfd yarns, because correction of shade 
is easiest by this method. For certain classes of loose wool 
dyers still favour the chrome mordant, though the improve¬ 
ment both of the other methods and the suitable dyestuffs 
is reducing this advantage. 

There are several methods of fixing the chrome on the 
fibre, potassium or sodium biciromate being used as the 
source of the chrome, whilst various assistants are used. 
It is styrprisii^ what dift'erenf results may be obtained from 
one and the same colour by using different assistants. 

Hematine crystals are jnarkete^d in different. states of 
<Hridation, and consequently give different results acceding 
to the mordant employed. If wool is mordanted*with 3 
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per tv at. bicJirome and i per cent. D.O.V. ieid fe; 

lixed on the libre and yields what is termed an 
mordant, whereas if the wool is mordanted with 3 
bichiome, 2^ per cent, cream of tartar, chromic hydroxide' 
is fixed on the fibre and yields a reduced mordSnt. It 
follows, therefore, that a well-oxidized hematine crystal 
will give a better result tm a reduced than an oxidising 
mordant, conversely a partialh- oxidized hematine crystals 
will give a better result on an oxidizing than on a reduced* 
mordant. Brilliant alizarme blue R gives the besf Jesuit 
oil a wejk bichrome and oxalic acid mordant. 

Gallocyanine gives shades fastest to rubbing on a bi¬ 
chrome and cream of tartar mordant, whilst with bichrome 
and D.O.V. formic or oxalic ,icid the shade rubs badly. 
Alizadine brown M also illustrates the influence of, the 
assistant used. When dyeing lieax’y shades with this colour 
on a chrome mordant, it must be dyed on a bichrome and 
acid mordant, and not on a bidironie #nd cream of tartar 
mordant, in order to get shades perfectly fast to milling. 

In practice, however, my experience is that bichrome 
alone is the mordant most commonly used, because price 
is often a governing factor to the extent of preventing the 
^lyer giving, g. b etter dye. 

The following are the various mordants used and their 
method of ap])lication. 

Bichrotne alone, —Boil i-ii hours with 2-4 per cent, 
bichrome ; many dyers keep a standing bath and replenish 
with three-fourths of the original amount taken. Some¬ 
times su^huric acid (one-third of the w'eight of bichrome) 
is added; this is most frequently used for logwdod. 

Bichfotne and tartar. —Boil i-i| hou>s with 1—3 per 
cent, bichromc, and i’-2j*pcr cent, tartar. Tliis is more 
expensive than the former, but is largely used, especially 
for the best class of trade. * 

Bichrome and Oxalic Acid.—BoiX i-'il hours with 1-3 
per cent, bichrome and^i-3 per/:ent. oxalic acid. 

Bichrome and Formic Acid.—1-2 pel cent, bichrome 
and^i-t2 per cent, formic acid (85 per cent.). Since‘the 
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reduction oi tlie bichrome with this assistant takes plaice 
rapidly, uneven dyeings result, unless the mordanting fe 
carefully carried out. The wool should, therefore, be entered 
at 140° (6o“ C.), and the wool worked whilst the bath is 

gtadually brought to the boil, then boiling continued i-ij 
hours. The bath will be exhausted clear of chrome. 

Bichrome and Lactic Acid. —1J-3 per cent, bichrome, 
"3-5 per cent, lactic acid (50 per cent.), i per cent. D.O.V. 
The remarks under Bichrome and Formic Add apply here also. 

Btchrome and D.O.V. —Boil i-i| hours with 3 ger cent, 
bichrome and i per cent. D.O.V. This mordant is fre¬ 
quently used for logwood and hematine. Wool when 
njsrdanted with bichrome alone or bichrome and D.O.V. 
has a yellow colour due to the presence of chromic acid, 
whilst with the other mordants the wool has a green colour 
due to the presence of chromic hydroxide on the fibre, 
which has been formed by the reduction of the bichrome. 

Results in practice have shown that an old mordanting 
bath when using bichrome alone gives better results than 
a fresh bath, so that dyers work the mordanting bath con¬ 
tinuously. 

VTien bichrome and formic acid are us^ jt will be,, 
noticed that much less bichrome is used, Ae whole being 
precipitated on the fibre. The bath is so well exhausted of 
chrome that the same liqhor may be used for dyeing as was 
used for mordanting. 

All mordanted wool must be thoroughly wa.shed before 
dyeing or else the dyed shade is very liable to rub badly. 

Iron Mordant. —Mordant in the same way as above, 
only using 3 pef tent, copperas and per cent, tartar. 

Alum Mordant.—Mordant in,the same way as above, 
only using 8-10 per cent, alum and 3-5 per cent, tartar. 

Dyeing. —Fill the cistern \tith cold water, add 1-2 lbs. 
acetic acid according to the hardness of the water. The 
pastes are mixed with acidplated water to a thin uniform 
paste, which is rftn into the dyeba^i through a* fine sieve 
to prevent lumps getting into the bath, which might cause 
ilhiqvgn dyeing. Powders are dissolved in boiling water 
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before addiirg to the bath. After raking the bath well, 
enter the wool cold, and work at a low temperature till 
most of the colour is absorbed, especially when dyeing 
alizarines in the form of bisulphite compounds#* When 
using bisulphite compounds the bath must not be rais^ 
above 150° F. (65° C.), until all the colour has been absorbed, 
because above this temperature the bisulphite compormd 
splits up, and unless it has been absorbed by the fibre it 
precipitates insoluble alizarine d5'estufi in the djfcliquor, 
which wastes dyestuff and causes the colour to rub. The 
bath is gradually raised to the boil, and dyeing is continued 
at the boil for 1-2 hours. If a very liea\w shade is being 
dyed it is advisable to add J per cent, bichrome to the 
dyebath when exhausted, and boil I hour longer. This 
prevents any bleeding in the subsequent milling. 

Topchroming .—This is a modification of w'hat dyers of 
the old school used to call the “ saddening ” process in 
the dj^eing of the old dyewoods. This process is universally 
used for blacks, also largely for blues, but its adoption for 
fancies has proved slower because of the difficulty in match¬ 
ing off. This difficulty arises owing to the fact that the 
.shade cannot be judged imtil the colour has been developed 
with the bichroftie ; now the difference in shade before and 
after the addition of the bichrome is often very marked, 
so that a good deal of experience is required to match 
accurately. However, the difficulty of shadir^ in a hot 
chrome liquor is not so great now that there are colours at 
the dyers-’ disposal quite suitable for this purpose. 

If the amount of shading required is only slight, then acid 
colours should be used, but should the shade require a large' 
addition of colour, say i per cent, or more, then the above 
chrome colours should be used. When shading, shut off 
the steam and add the well-dissolved colour, put on steam 
again and boil J hour. In the case of loose wool, throw on 
the well-diluted colour solution ^ uniformly as possible and 
have the \^ool well pole^. 

^he great advantage of this process is that it is a short 
one,‘and therefore economical in time, labour and 
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whereas the material is consequently left in better condition, 
in the case of loose wool it is loftier and spins better. The 
results obtained are excellent as regards fastness, indeed 
better than some of the same colours applied on a chrome 
mordant. The method is being largely used and com¬ 
petition is forcing the most reluctant dyers to adopt it. It 
is most suitable for loose wool (especially for big lots of 
one shade, such as khaki), since if one batch comes off shade, 
another lot may be dyed accordingly to counterbalance 
it to tarry it through the blendii^. For yarns and pieces, 
one has not the same latitude that one has in lo«se wool, 
so that its use is confined mainly to blacks and blues. 

Tlie dyeing is carried out as follows:—The colour is 
boiled along with the Glauber’s salt in about a foot of water 
at the bottom of the cistern ; when the colour has dissolved 
the bath is run up with cold water, 1-5 per cent, acetic 
acid is added, and the bath well stirred. The material is 
entered, the bath is gradually raised to the boil in | hour, 
and dyeing continued at the boil for | hour. If the bath is 
not exhausted, J-i per cent, sulphuric acid is added and 
boiling continued hour longer to exhaust the bath. 
When the bath is exhausted and not before, |-2 per cent, 
bichrome is added, and boiling continued^J^ioilr. It has 
■proved advisable in practice when dyeing wool which has 
subsequently to be heavily milled with mercerized cotton 
to continue the boiling in the chrome up to J-i hour. The 
effect of the additional boiling is very beneficial in prevent¬ 
ing bleeding on the cotton. No delay should take place 
before the wool is washed off, to avoid the shadd* changing, 
uue to the p^^longed action of the hot acid chrome liquor ; 
also from the p'oint of view of the spinning qualities of the 
wool. 

Piece Goods .—^The following process should be adopted 
for thfi best oiassaa of pieces, to ensure perfect penetration, 
but when time is an object, and the goods of a low quality, 
the process can be considerably shortened. 4- coW dye* 
bath is stuffed with the requisite amount of colourf and 
•XOpei cent. Glauber’s salt, raise the bath to the boil in ihour. 
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add aj per ceat. acetic acid, boil | hour, -add a further 
2i per cent, acetic acid, and boil J hour, when the bath should 
be ejchausted; if not, add ^-i per cent. D.O.V. and boil 
a little longer. When the bath is exhausted, add^i-2 per 
cent, bichrome, according to the depth of shade, and boil 
J hour longer. When dyeing pieces containing white cotton 
effects, add 2-3 per cent. D.O.V. instead of l-i per cent, 
and boil a full | hour before adding the bichronie. 

Fast Chrome Blacks .—This class of blacks, oj, which 
diamond black was the first representative, are of enofmous 
consumption in the dyeing of all forms of wool, so that they 
have received a large amount of attention at the hands of 
the colour manufacturer. The first members of this cl|gs 
of dyestuff were not fast to potting. Potting is a process 
mainly carried on in the West of England for giving a special 
finish to the cloth. It consists in ^Tapping the cloth round 
a roller and immersing it in water for twenty-four hours at 
various temjieratures. The cloth is then raised on the 
gig and may be subjected to as many as six immersions 
and raisings before the requisite finish is obtained. It is 
es,sential that the dyestuff used does not bleed into adjacent 
white or coloured threads. The only blacks which would 
withstand process were logwood black and alizarine 
black. The earlier chrome blacks, like diamond black F., 
would not. Of recent years there has been a large range 
of what are termed potting blacks introduced, of which the 
first was diamond black P.V. They usually have the prefix 
. P. attached to them, as an indication that they are fast to 
potting, bht their merits in this respect vary considerably 
They are quite distinct from the non-potting variety iir*tB 9 u 
they are more soluble, will stand much more sulphuric acid 
in the dyeing, and require 'more bichrome to fully develop 
the shade. These very properties have made them an ideal 
black for the dyeing of carbonized rags. *If ctrbonizdd rags 
are dyed with the diamond black F. class the acid in the 
rags so quickly exhausts»the colOur that it,is only^yed on 
the surface of the rags, with the result that when they are 
subsequently pulled up they appear grey, j^ue to otm 
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penetration. -Now, the P.V. class, owing to their greater 
solubility and less sensitiveness to acids, do not dye on so 
quickly, and therefore give better penetration. For this 
reason ^hey have become of the highest importance in the 
*ag-dyemg trade. As a rule the potting blacks are not 
of the same fastness to light as the non-potting blacks. 
Diamond black P.V. is not as fast as diamond black F., but, 
like every rule, it has its exceptions in eriochrome black T. 
and T^., which possess excellent fastness to light. Whilst 
both'classes of blacks possess excellent fastness to milling, 
the P, brands are the faster in that they leave mercerized 
cotton effects cleaner in the heaviest milling—mercerized 
cg}:ton being most difficult to keep untinted in milling. 

Fast chrome blacks, when dyed as detailed below, possess 
remarkable fastness to milling, light, acids and alkalies; 
they may be dyed without detriment in copper vessels, 
and are quite suitable for machine dyeing. The method of 
dyeing is as follow^:— 

Charge the dyebath with the requisite amount of colour, 
10 per cent. Glauber's salt, and 5 per cent, acetic acid; 
enter lukewarm, raise to boil, and dye boiling | hour, then 
add I per cent, sulphuric acid; boil 20-30 minutes, when 
the bath should be exliausted, then add i per«ient. bichrome 
and boil i hour. In no case must the bichrome be added until 
the bath is exhausted or else a brown shade black will be 
the result. If I per cent, sulphuric acid does not exhaust 
the bath then more sulphtuic acid must be added, until the 
bath is exhausted ; however, | per cent, sulphuric acid wil 
be found sufficient under ordinary circumstances*to exhausi 
lut Jtfh ujNo 8 per cent, colour. Within certain limits 
the shade of t^e fast chrome blacks may be controlled bj 
the amount of sulphuric acid and bichrome which is used 
thus J per cent, sulphuric ;icid and i per cent, bichromc 
will give a irmch bluer shade than 2 per cent, sulphuric acid 
and 2 per cent, bichrome, which will yield a dead black. 

If the black,has to be’Subsequently heavily, milled with 
mjercerized cotton, it is advisable to boil J-i hour in the 
1 bichrome, because this has a beneficial effect in preypating 
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bleeding. The two places in which it is possible to go wrong 
when dyeing chrome blacks are as follows :—^The snlphnric 
acid must not be added till the bath has boiled at least 
J hour, or else the colour will be dyed on too quickly, so that 
proper penetration will not be obtained, probably couplei 
with uneven results ; the bichrome must not be added till 
the dyebath is exliausted or else results which rub will be 
obtained, coupled w ith a poor shade of black tending to brown. 

Potting chrome blacks are dyed as above, excejjJ: that 
2-3 per cent, sulphuric acid must be added to exhaust the 
bath instead of J-i per cent., and 2-3 per cent, bichrome 
must be added in order to fully develop the black. 

The chrome blacks before chroming are dull claret shadeSj^ 
which are converted to black on boiling with the bichrome. 
The chrome blacks do not give satisfactory shades on clrrome 
mordant and are practically never applied by this method. 
They may be dyed by the metachrome method, but the, 
results are not as satisfactory as when thfj- are topchromed. 

True alizarine d)'estuffs are never aj)plied by this method, 
with the possible exception of alizarine red vS. powder, which 
is a sulphonated and therefore soluble alizarine. 

Chmnotrope Dyestuffs.—Thtse arc easy levelling red acid 
dyestuffs, -frhkSi are indeed used as acid reds of very good 
fastness to light, but which on chroming are turned into 
blue shades of great fastness to light and washing. They 
are largely used for the dyeing of navy blues on pieces, 
and have become standardized for certain classes of dress 
.goods. Many of the dyestuffs so used are combinations of 
chromotro^ acid (Di oxy naphthalene di sulphonic acid 
1:8 :3 : 6) vdth various bases, hence the nameft 

They are dved like ordinary acid dyestuffs with Glauber's 
salt and sulphuric acid, bift after J-i hour’s boiling 1-3 
per cent, bichrome, 1-3 per cent, lactic acid and i per cent. 
D.O.V. are added, and boiling is continued ^ hour.* The 
shade gradually changes from red to navy blue as the boiling 
proceeds, sojifhat a large* range 61 blues may be obtained, 
according to the length of time of boiling in the bichrome. 
The loiter the wool is boiled with the bichroipe the gree^ '.; 



MORDANT DYESTUFFS 59 

does the shade develop: the addition of more bichrome has 
exactly the same effect. Since many of the navy blues so 
obtained are on the red side, it is common practice to add 
a littl^^cid green to neutralize this redness. The lactic 
*hcid may be replaced by formic acid or may be omitted 
altogether. Too much acid tends to delay the full develop¬ 
ment of the shade; copper salts act similarly. 

Addition of Bichrome at the Start .—This modifica¬ 
tion af the topchroming process was originated by the 
Berfin Aniline Co. by a patent in 1900, dealing with a special 
mordant called metachrome mordant. This movdant con¬ 
sisted of a mixture of potassium chromate and ammonium 
^Iphate. The chemistry of the mordant is as follows:— 
When the dyeliqiior is boiled ammonia is gradually evolved 
and sulphuric acid formed in the dyebath, which at once 
converts the chromate present into bichromate, which acts 
on the colour and fixes it on the fibre as the chrome lake. 
This mordant wal added to the dyebath along with the 
colour, and no precipitation took place, so that it was possible 
to dye in one batli with the mordant at the start. Now, if 
bichrome is added to the dyebath along with c'ertain dye¬ 
stuffs immediate precipitation of the dyestuff, as the chrome 
lake, takes place. If, however, the bichioflfe k first msltie 
alkaline with ammonia, i.e. converted into chromate, no 
precipitation takes pldce. There is a large raijge of dye¬ 
stuffs suitable for use with this mordant now obtainable, 
but many dyestuffs—true alizarines, also gallocyanines— 
are precipitated even by the chromate and so may not be used# 

Nowa(^ys the dyer usually makes his own*metachrome 
"mOTdant, m4hat he uses bichrome and makes it alkaline 
with ammonia, thus converting it into chromate, whilst 
if he uses ammonium sulpSate—also made alkaline—as 
assistant he imitates the ‘mordant exactly. Acetic acid, 
forimc acid,*sulf5huric acid or nitre cake may also be used as 
detailed hereafter. 

There are»two pitfaflb in tMs process which must be 
avoided:— 

I. The dyestuff and bichrome must be dissolved 
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separately, and on no account may they be bbiled together, 
or precipitation will take place. 

2. The bath at the outset must be slightly alkaline with 
ammonia : to this end the bichrome must be made fl,1kaline, 
also the ammonium sulphate, if used, must be madd" 
alkaline, because it reacts acid ; if acid is used it must 
not be added till the bath has boiled at least half an hour; 
if formic acid, sulphuric acid or nitre cake is used it must 
be added extremely slowly. » 

The following instructive experiments will illustrate the 
necessity t»f this. To a hot solution of alizadine brown M. 
add a little bichromate solution, when precipitation of the 
colour will immediately take place : now repeat the expei^; 
ment, but before adding the bichromate solution neutralize 
it nith ammonia, when no precipitation will take place : 
next add acid to this solution until it is acid, when pre¬ 
cipitation immediately takes place. 

This process, which is alternatively*^ known as mono¬ 
chrome, chromate, and autochrome, has one distinct advan¬ 
tage over the other two methods already described. As 
compared with chrome mordant it is a single as against a 
two-bath process, which is a great economy in time, labour, 
and steam, coifple/l with increased output. Compared with 
the topchroming method, the development of the shade is 
more gradual, so that the dyer is sooner able to see how 
the shade is developing. It has, therefore, achieved great 
popularity in loose wool, slubbiug, and yarn dyeing, but has 
«ot been adopted for piece d3'eing due to the diificulty in 
adding colour to the dyebath for shading purpoggs towards 
the end of the dyeing operation. 

The method of dyeing is as follows 

Boil the colour in the bottom of the cistern for ten 
minutes in order to completely dissolve it, then fill up the 
bath, add the requisite amount of bichrome*andf ammonium 
sulphate separately dissolved from the dyestuff and made 
alkaline with ammonia. 14 the ca 5 e of loose wool or slubbing 
enter into,the boiling dyebath, but in the case of yam it is 
advisable to enter not higher than 140° F. {6<»® C.). Dye. 
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1 hour at the boil, when the shade should be fully developed. 

In my opmion ammonium sulphate gives the best result, but 
it may be replaced by acetic acid. If acetic acid is used it 
must not be added till the bath has boiled half an hour, and 
then it iwast be strongly diluted. Some dyers use formic and 
Sulphuric acid, but I deprecate their use, because unless they 
are added very skilfully they do more harm than good. 
The average amount of bichrome required is half the total 
weight of the colour used, but the proper amount is always 
giveq TJy the respective colour makers. For every pound 
of bichrome used add 2| lbs. ammonium sulphate, 2I lbs. 
acetic acid, 4 lbs. nitre cake or i Ib. formic acid. The 
minimum quantity of bichrome which should be used is 
l^er cent, of the wool, because it must always be remembered 
that the wool itself absorbs a certain quantity. Other 
colours than mordant dyestuffs may be used by this process, 
so long as the colour withstands the action of the bichrome, 
and it is fast to ijjilling and light: coomassie navy blue, 
indocyanine 15 and patent blue have been largely used by 
this process because suitable blues of the mordant class were 
not numerous. 

The results obtained by this process possess excellent 
fastness fully equalling the results obtaiuei^by the oth^r 
processes in most cases. Navy blues and*blacks are, how¬ 
ever, not dyed by thisi process for lack of really suitable 
dyestufis. 

When dyeing skin wool. i.c. wool which has been removed 
from the pelt by lime, and tlierefore full of lime, it must^ 
be noted that the colour takes longer to develop since the 
jleiiplopmea^s retarded by the alkalinity of the lime. More 
acid may, tlK^fore, be needed. This process is particularly 
suitable for machine dyeing ^d requires no special pre¬ 
cautions, except tliat it is advisable not to add the bichrome- 
madc;alkaliue with ammonia until the dye-hquor has b^ 
circulated a quarter of an hour at the boil. Ihis precaution 
ensures the material being thoroughli' saturated with the 
dyestuff beforelhe bichrome commences fixing it on the,fibre. 

■ For shading purposes acid colours fast to millin| my be 
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used, such as patent blue or else mordant dyestuffs, whicl 
are not precipitated by biclirome and acid. In the case oi 
yam it is best to neutralize the bath vvitli ammonia before 
adding the dyestuff, but with loose wool this will not oftec 
be necessar}'. .Steam is. of course, shut off wJdlst th« 
perfectly dissolved dyestuff is added. ' 

GENERAL NOTES. 

Owing to the mordant dyestufls being so fast it naturally loiJows that 
they are very difficult to remove from the fibre. Uneven shades are, 
therefore, very difficult to correct. One of the best methods of achieving 
this is to boil the wool with fairly strong sulphuric, hydrochloric or oxalic 
acids, which has the efiect of splitting up the chrome-dyestuff lake. Follow 
this bath with a warm ammonia bath, which will often remove the dyestufi 
which has been .'■plit off the chrome by the acid treatment. 

One weakness of the alizarine dyestuffs is their liability to rub. This 
cannot altogether be stopped, but scrupulous care both in mordanting 
and dyeing, coupled with correct choice of moidant, can reduce it to a 
minimum. 

Lime wool is a source of trouble to dyers by whichever method it is 
dyed: dyers usually favour the chrome mordant method. Sulphuric 
acid must be avoided, or else one obtains the insoluble calcium sulphate 
precipitated on the wool. When chrome mordanting a good plan is to 
mordant with bichrome and sufficient hydrochloric acid to remove all 
the lime in the very soluble form of calcium chloride. 



Sbctiok V.—direct COTTON DYESTUFFS 

The first member of this class of dyestuffs to appear on the 
market was Congo red, which was discovered in 1884 by 
BottjgS. Though the fastness of this colour left much to 
be desired—particularly its fastness to acids—it met with 
a ready sale until it was supplanted by benzopurjl 5 urine 4B. 
It may incidentally be remarked that Congo red has ex- 
^[ifrienced quite a revival during the war owing to the 
impossibility of making benzopurpurinc 4B due to the 
demand for toluol for explosives. 

The fact that Congo red was able to be dyed on cotton 
and other vegetable fibres without any previous mordanting 
—hitherto indispensable—made its discovery epoch-making 
in its influence on the dyeing trade. Its importance 
was immediately“^asped by the coal tar colour manu¬ 
facturers, who displayed intense activity in discovering 
new bases and new acids from which new dyegtuffs could 
be made. The result of this activity is shown in the large 
rang p of excellent direqt cotton dyestuffs which are known 
to the dyeing trade to-day. The simple method of applica¬ 
tion was welcomed by the dyers, with the result that the 
recent United vStates Dyestuff Census revealed the fact 
that they possess the largest consumption ot any class 
• of coal tarl^stufts. 

Dike mos^groups of dyes mdividual members possess 
the most diveigent properties. ^It includes Congo Te(f, which 
is so sensitive to acids that it is largely used as an acid 
indicator, bu| it^also includes beuzo fast scarlet 4B.S, which 
is so fast to acids that it will withstand treatment with 
strong nitric acid. It inc^ides a colour as fugitive to light 
as primuline, and one so exceplionally fast* to light as 
d&lorazol fast yellow B. 
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It may, however, be claimed that the progress in this 
class of dyestuff has been continuous in the introduction 
of colours of improved fastness, so that the class now in¬ 
cludes a large range of dyestuffs of excellent fastness. It 
must not be thought, however, that there is n»'/Kope te 
further improvement—on the coutrar}-, there is great scope, 
as the following example will show. In chrysophenine 
we have a dyestuff of rich shade coupled with good fastness 
to light, but it is ^-ery ])oor to washing, in that it readily 
stains white cotton washed with it. In chloraR)!,, fast 
yellow B vve have a dyestuff of very good fastness to wash¬ 
ing and fight, but of a poor shade compared with chryso- 
pheniue. The dyeing trade requires a direct cotton yellow 
of the rich shade of cliiysoplieniuc coupled with the fastntSs 
to washing of cldorazol fast yellow B. 

Methods of after-treatment—which are fully detailed 
hereafter—have been discovered which considerably im¬ 
prove various properties of certain indiv^lua] colours. 

The enormous extension in the dyeing of mixed fabrics 
of silk, wool, cotton and artificial silk must be credited to 
the direct cotton dyestuffs, whilst the increasing success of 
present-day garment dyeing is directly attributable to the 
same colours. ^ 

The direct cotton dyestuffs—following the classification 
adopted by Green—include five groups of colours from the 
chemical point of view, though from the dyeing point of view 
they are one class. The five groups include— 


Disazo colours. 
TrisSzo colours. 
Tetrakisazo colours. 
Stilbene colours. 
’I'hiazol colours. 


Benzopurpurine 4B. 
Titan black FF. 
Toluyle^^rown R. 
Mikado Gratae. 
Primuline. 


At the present time it is ini^iossible to offer any definite 

opinion on the theory of the dyeing of Ihe direct cotton 

dyestuffs. The consensus of opinion of those who have 

investigated* the subject is that the process is purely 

meclianital. Witt advanced the theory tlfet a solutibn 
& 



DJiliECT COTTON DYESTUFFS 65 

of the dyestnfi’ in the cotton fibre takes place, and that 
the effect of salt addition to the dyebath decreases the 
solubility of the dyestuff in water, and so favours the solution 
in the fibre. The fact that repeated boiling with plain 
Vater enaisies one to strip the colour from the cotton points 
to the dyeing being merely mechanical, but it should be 
pointed out that with many of the fastest direct cotton 
dyestuffs it is impossible to remove any appreciable quantity 
by boiling with water. According to Minajeff, fibres dyed 
with direct cotton colours show, when microscopically ex¬ 
amined, a weak homogeneous colouring of fibre membrane 
coupled with stronger colouring of periphery of fibre. Dr. 
Haller has published some interesting work (Lehne’s Farber 
^eSiing, 1914, p. 306) in support of the colloid or physical 
theory of dyeing, using primuline as the colour; but the work 
will have to be extended to other typical colours before it 
can be seriously considered. As regards a chemical theorj' 
of dyeing for cotton it should not be lightly dismissed 
because, as is cogently pointed out in “ A Manual of Dyeing ” 
(p. 19), cellulose is by no means as chemically inert a body 
as is sometimes thought. 

Appucation. 

Dissolving.—The direct cotton dyestuffs are for the 
most part freely soluble, nevertheless the best course to 
pursue is to stir the colour into a smooth paste with cold 
water and then pour on boiling water—condensed water 
for preference—whilst stirring. This precautio,j prevents 
the colour from floating on the surface, as is possible if the 
boiling water i^'poured straight on to the dry colour or if 
the dry colour is added to the^dyebath. This precaution 
shoqld be adopted with all classes of colour, because it is 
one faqtor in.obtaining perfectly level results. I am aware 
it is frequently not carried out in practice, but nevertheless 
the above method is the .purest ^nd safest way to avoid 
bad results due to fleckiness. 

For the convenience of the dyehouse routine many of 

5 . 
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tte standard colours which are in constant use are kept in 
stock solutions ready for use. The additions of colour to 
the dyebath for shading purposes are usually very small, 
so that standard solutions of the colour used enable the 
dyer to measure out the requisite amount of cdibur to bfe 
added accurately and quickly. 

Cotton.—The average direct cotton colour does not 
exhaust very well, so that a fair amount of dyestuff is left 
in the dyebath. It follows, therefore, that the volume of 
liquor used plays an important part in the depth of 'shade 
obtained,, On the grounds of economy the volume of liquid 
should be kept as low as possible, but this should not be 
carried out too far, because the cost of dyestuff so saved is 
nothing compared with the cost of correcting a batch of 
goods spoilt through not having sufficient liquor in which 
to work them efficiently. In open cistern dyeing 30 times 
liquor calculated on the weight of cotton is the minimum 
quantity in which loose cotton may be efficiently dyed if 
the cotton has to be poled (stirred) by hand: for yarn 
20-25 times liquor calculated on the weivb+ of cotton is the 
average amount used in the ordinary yam beck ; for piece 
dyeing ji^ers are used in which the amount of liquor taken 
<will not be iko^e than six times the weight of the cotton. 
Moreover, the increasing adoption of dyeing machines for 
loose cotton, yam, cops, cheeses, and beams reduces the 
amount of liquor used to as low as five times the weight of 
the cotton. 

Assistants used.—Owing to the direct cotton dyestuffs 
not exhaf&ting an assistant is added to the dyebath to 
decrease the solubility of the dyestuff, ajH thus increast 
its affinity for the fibre. The three assistants used for this 
purpose are Glauber’s sail* sulphate of soda, and common 
salt. Each of them have their raspective merits, in connection . 
with which it must be remembered that 54)arts common salt 
.)=i6 parts sodium sulphate (desiccatedGlauber’s salt)=l2parts 
f Glauber’s %alt. It may.be generally stated that Glauber's 
salt^ ^ised for the dyeing of pale shades, whilst common 
salt* is used for medium and heavy shad^. In Comttties^ 
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like Italy where common salt is subject to a revenue tax 
its cost prohibits its use in dyeing; where difficulty is experi- 
oiced in getting level results—say in compound shades— 
Glauber’s salt should always be given the preference over 
‘dommon sMt. 

The average amounts required are indicated below :— 

O'l per cent, colour. lo per cent. Glauber's salt. 

I per cent, colour. 15 per cent. Glauber’s salt. 

1 pe:.cent. colour. 10 per cent, common salt. 

2 {)er cent, colour. 20 per cent, common salt. 

3 per cent, colour. 30 per cent, common salt. 

4 per cent, upwards colour. 40 per cent, common salt. 

• *§oda ash and other alkalies have the effect of increasing 
the solubility of direct cotton dyestuffs, therefore their use in 
the dyebath decreases the rate of absorption by the fibre. 
Their use is, therefore, to be recommended with colours which 
have a low solubilitj', such as diamine brown M. Its use 
is also advantageoiis in cases of cloth and tightly twisted 
yams, which srp difficult to penetrate, since soda ash increases 
the solubility and tneiefore the penetrative powers of direct 
cotton dyestuffs. If the material is boiled for some time 
with the dyestuff and soda ash alone, then»the common 
salt or Glauber’s salt subsequently added, these conditions 
are the most favourable for obtaining complete penetration 
of material which is difficult in tliis respect. 

If the water used for dyeing is hard, the use of Glauber’s 
salt or sulphate of soda should be avoided so as not to form 
sulphate of lime, which will make the finished‘(.otton hard 
in cases where a soft finish is desired. 

The use of ^da ash has, however, one disadvantage, which 
should always be borne in mini. Shades dyed with direct 
cotton dyestuffs, if allowed, to lie wet for some time, are 
liable *0 mn» i.e. the portion of the material to which the 
water drains is liable to be darker than the rest; this defect 
is much more prpnounced if soda §sh is used in the dyeing, 
due to the colour being more soluble when it is us^. •For 
example, if dyed yam is allowed to hang on sticks in the 
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wet state for any length of time before drjnng, the lower 
part of the yam is liable to be darker than the upper part, 
due to some of the colour draining along with the water to the 
lower part—particularly if the cotton has not been well 
washed—a point in which carelessness is often shtfwn. 

Phosphate of soda is sometimes used in cotton dyeing 
in order to brighten the shade, such as pale shades of yellow. 

Soap and soluble oil are frequently used in cotton dyeing^ 
particularly for delicate shades on mercerized cotton and 
artificial silk in order to yield the brightest shade possible 
coupled vdth a slow rate of dyeing so as to give level 
shades. Their effect is on the same lines as soda ash, in 
that they retard the rate of dyeing. It must, however, 
be remembered from the very nature of their effect in th'fe 
dyeing that the dyebath is by no means so well exhausted 
as when they are omitted. 

Acetic acid has a very- limited use in cotton dyeing, 
chiefly in dyeing bright blues of the Titan Como class. 

Dyeing.—In principle the dyeing of cotton with direct 
cotton dyestuffs is simplicity itself, in that dyving is carried 
out at the boil for 1 hour. In actual practice, whilst it is 
a short process, there are several factors which have to be 
taken into consideration and which demand the experience 
and j udgment which are the qualification of tlie foreman dyer. 
Some of these are indicated below. The temperature at 
which direct cotton dyestuffs dye varies considerably with 
the individual dyestuffs; e.g. chrysophenine G will dye 
cotton almost as full a shade at ioo° F. (40° C.) as it does 
at the boti*: on the other hand, benzo fast scarlet 4BS 
does not appreciably go on to cotton below^4,4o'’ F. {60° C.). 

It follows from this that different colours dye at different 
rates. This may be the duse of considerable trouble in. • 
the dyeing of compound shades, because the use of colours 
dyeing at different rates has a tendency to^ive^flecky results, 
in which the individual colours may be picked out on the 
fibre. • * » . 

;Por^he purpose of dyeing compound shades very soluble 
colours—such as B.H. blacks—should be j^osen which do « 
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not dye on too quickly, particularly must such colours be 
chosen for shading purposes. This is best illustrated by an 
example: diamme brown M is not a soluble colour, chlorazol 
deep brown B is a very soluble colour. It would be courting 
disaster to*add a small quantity of diamine brown M -to a 
boiling dyebath, because it would dye on too quickly and 
^therefore imevenly, due to its comparative insolubihty. 
On the other hand, chlorazol deep brown B could be used with 
safety ujider the same circumstances, due to its ready solu¬ 
bility* and to the fact that it does not rush on to the fibre. 

Again, some dyestufis will not mix with other dyestuffs 
despite every precaution being taken to ensure the best 
resalts. Direct cotton yellows of the Curcumine S class will 
not dye level with chlorazol blue B in compound shades, but 
will dye level with chlorazol black E. 

If a shade comes out heavier than the desired shade or 
uneven, it may be sufficiently stripped in many cases by 
boiling in a clean bath with soda ash and Glauber’s salt. 
If Jt^s treatment is not sufficiently effective, the colour may 
be stripped Witl. ’-ylrosulphite or by a mild treatment with 
bleacliing powder. In very few cases are the dyebaths 
exhausted in the case of direct cotton colours. Qn the face 
of it it is therefore economical to keep up the dyebath*, 
but in practice it is not always feasible. With the excqrtion 
of shades for which the dyer may have a constant demand, 
such as blacks, navies, and reds, it is not possible to maintain 
the baths due to lack of cisterns. Moreover, in the case of 
pale and medium shades the amount of colour left in the 
bath is negligible when calculated at normal prices. Where 
machines are .used it is easier to reserve several liquors by 
having several storage tanks. 

Old dyebaths should be rejlTenished with three quarters 
of the original amount of colour taken and one quarter of 
the original ftmount of assistants. 

Care should be taken to avoid too much common salt in 
the dyebath, which would precipitate the dy&tuff. The 
cold dye liquor should not stand at more than 6r-8‘*Tw. 
when dyeing dark shades. 
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Dyeing of Cotton Hank with Direct Cotton Colours. 
—Before dyeing the yam should be well boiled out and 
bleached if it is intended to use it for light shades. Cotton 
yarn is generally boiled in one of the many forms of low- 
pressure kiers. The yam is packed into the kiei^nd boiled^ 
with 'the addition of 3--5 per cent, soda ash overnight. If 
a kier is not available the yarn should be^wn up in canva^ 
bags and boiled in a bark for at least 8 hours. 

When dyeing in barks it is preferable that the liquor 
should be heated by a coil to prevent dilution of the liquor 
by condensation of steam. As heating a bark by a steam 
coil takes rather a long time, a direct steam pipe should also 
be fitted to the bark, so that the bath may be brought a 
boil by means of direct steam, and kept at a boil by means (& 
the coil. In dyeing the yam is usually entered at 140° F. 
(60° C.), given a couple of turns, the bath then brought to 
the boil and dyeing continued at the boil for J-| of an hour. 
When dyeing dark shades the yam m^y be entered direct 
into the boiling bath, and after three-quarters of an hoqr’s 
boiling, shut off steam and allow the^gj^'td' feed in the 
cooling bath. If difficulty is experienced in gettn^ any 
shade evep, start the batli with soda ash, but without salt 
er Glauber’s Ifalf,, and only add it after the yarn has been 
boiled a quarter of an hour. 

Direct Cotton Colours on Loose Cotton.—Dyeing 
loose cotton with direct cotton colours is veiy simple. The 
dyeing is usirally carried out in large wooden vats or in 
pans made of brick and lined with iron heated by steam ; 
some of tlie latter are also heated by direct fire. The 
boiling bath is charged with the colour andrthe dry cotton 
thrown in; when it has been boiled under, the cotton is 
poled a quarter of an hour*- the salt thrown on and poling 
continued another quarter of aii hour. The bath is kept 
at the gentle boil for J-i hour, then the^jatifis let-off in 
case of pale shades. Heavy shades are preferably allowed 
to steep 2-^ hours or left«ovemight. 

6otfe>n Warps dyed with Direct Cotton Colours;— 
The “direct cotton colours are very largelj^ used in dyettig 
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shades on waips to be woven into flannelettes, zqibyrs, 
shirtii^s, etc., also for producing very cheap imitation indigo 
shades. The warps are boiled out in a four-box machine, 
if necessary, but it is usual in well-managed dyehouses to 
get the majority of shades by passing the warps thro^h a 
boiling solution of the colour, feeding up and keegjag the 
warps straight as they pass through the machine, and thereby 
“boiling and dyeing them at one end. 

Sky blues, pinks, creams, yellows, etc., may all be dyed 
at one'end, provided that the labourer in charge of the 
machine is reasonably careful. The warps should be doubled 
op so as to make the run as short as possible and thereby 
avoid getting the waq)s ended by incorrect feeding up. 
•If an end is run before the warps are sent tlurough the 
machine, it is a ver}- simple matter to dye nearly every 
shade produced by the direct cotton colours at one end. 

Many shades are now dyed on cotton warps by addii^ 
the colour solution J;o the size. A good red may be obtained 
with tw'o ends through the sizing macliine, while creams, 
lavenders, T.-—11s, pinks, etc., may be finished at one end, 
though it is not so easy to keep the warps from running off 
as when dyeing in the ordinarj' machine. Direct shades 
on warjjs are matched as nearly as possible iy tlib dyehouse, 
and then topped in the sizing machine with basic colours to 
the exact shade required. 

The Direct Cofton Colours on Cotton Pieces.— 
Before the actual dyeing takes place, cotton piece goods are 
usually prepared in some maimer. The first process in the 
preparation of sateens and similar materiai''. is singeing. 
The object of,the singeing process is to get rid of loose fibres 
from the face of the cloth. Care should be taken to keep 
the singe-rollers or plates freedom scale, and this is usually 
removed by means of a Ipng-handled file. After smgeing 
the pieces are ejabbed and steamed on perforated cylinders. 
For pale and bright shades the pieces are bleached after 
boiling. Heaijy goods such as ^moleskins, corduroys, vel¬ 
veteens, etc., are usually prepared for dyeing |py boiling 
with or without pressure in a dilute solution of soda ash. 
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Tliis process removes size and other impurities which might 
effect the appearance of the dyed pieces. 

Cotton pieces may be dyed : — 

(i) In the Jigger. 

^ (2) In the padding machine. 

In the winch machine. 

Dyeing in the Jiggers.—The jigger is gcixerall)- used 
in the dyeing of dark shades on cotton pieces, as the dyebath* 
may be kept more concentrated owing to the small quantity 
of liquor used in proportion to the weight of the goods to 
be dyed. When heavy drills and similar materials are to be 
dyed the use of a jigger with nip rollers attached is strongly 
recommended, as the colour is driven into the fibre by ^he 
pressure of the squeezing rollers. 

For light shades the bath is prepared with— 

Quarter to half ounce soap or soda ash per gallon of 
liquor together with half the necessaiy quantity of dye¬ 
stuff. The goods are given one end aj a temperature of 
140-160“ F. (60-70“ C.); tlie remainder of the colour is then 
added, and the pieces are run from o ne rol]fl 8i».iy the other 
till the desiredsliade is obtained, thebSmbeing taken up to 
the boil. For medium shades the bath is charged with- - 

i oz. soda 4sh | 

2-4 oz. Glauber's salt or j per gallon of liquor, 
common salt ) 

And for dark shades with— 


•J oz. soda ash 
4-6 oz. Glauber’s salt or 
coiflftion salt 


per gallon of liquor. 


• » 

When dyeing medium and dark shades it is advisable 
to ajdd tlie soda ash and colour first, adding the Glauber's 
salt gradually towards the cloje of the operation. The 
levelling of the colour is thereby much facilitated. •Care 
should be taken not to add excess of salt when dyeing in 
the ji^er; this may be prevented by the us? of the hydro- 
meter^ The bath (cold) should stand at 6-8“ Tw. when 
dyeing dark shades. 
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Dyeing Cotton Piece Goods with Direct Cotton 
Colours in the Padding Machine.— The padding machine 
is chiefly employed for dyeing pale and medium shades on 
thin materials such as are used for linings. The t rough of /he 
machine usually has a capacity of 15-25 gallons, and ^jtmld 
be heated by a steam coil if possible. The tempwature 
of the dyebath should be from 130-140° F. (55-60° C.) 
tor light shades and 160-212° F. (70-100° C.) for heavy shades. 

The bath is charged with— 

i 5“25 gallons water. 

3-5 02. soda ash. 

J-i|- lbs. commou salt or Glauber's salt. 

^b®ut half the necessaiy amounts of soda ash, salt, colour, 
etc., are added, and the pieces are given one end. The 
remaining dye-solution, salt, etc., are added gradually after 
each end till the desired shade is obtained. When dyeing 
materials which are difficult to penetrate, it is advantageous 
to add pint of oleine oil and J-g lb. dextrine to the dye 

liqiy^r 

Dyeing of‘Cd.lv.- ,Pieces with Direct Cotton Colours 
in the Winch Machine, —^I'his metliod is sometimes 
employed for strong and broad width matejials, such 
as corduroys, velveteens, etc., the pile of’wliich might be 
injured by dyeing in the jigger. The shades produced by 
dyeing in the winch machine arc somewhat brighter than 
those obtained in the jigger. 

The goods are dyed with the addition of— 

2-4 per cent, soda ash. 

10-20 per cent. Glauber’s salt or ) Calculated ou the weight 
20-30 per cent! common salt ] of the pieces. 

When dyeing in the winch umchine there is no fear of the 
pieces being ended, though they are more likely to be creased 
and more coteur is required than when the jigger is used. 

Dyeing of Mercerized Cotton .—It may be stated in 
general that mescerized cotton is d^’ed with the same colours 
and in the same way as ordinaiy cotton save for,the»two 
followiiw: reservations:— 
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(a) Owii^ to the increased affinitj- for direct cotton 

colours given to cotton by mercerization, less 
colour is required to yield the same depth of shade 
than when dyeing ordinary cotton, also less- 
assistant is required and more care is expended 
in dyeing it, i.c. the dyeing is carried out more 
slowly. For instance, more liquor is usually 
taken than for ordinary cotton, u hilst the tempe¬ 
rature is raised more slowly. I/ight shades arc 
frequently d}'ed in a soap bath without any 
pther addition, and wrung out and dried vidtliout 
washing. This entails the use of a little more 
colour, but that is quite negligible compared jj^ith 
the risk of a batch of goods being uneven. * 

(b) When the cotton is scrooped after dyeing care must 

be taken to avoid colours whose shade will be 
altered by the acid used in the scrooping. 

Scrooping of Mercerized Cotton..—To obtain a scroop 
on mercerized cotton the goods arc worked 10-20 minutes m a 
cold bath containing 10 per cent. soai^tJig^tw^rSen u%ung 
out or hydroextracted without rinsing, and worked 10 
minutes in a cold bath containing i-i A oz. acetic acid per 
gallon, 'f he •scroop so obtained is not so permanent as 
that which is obtained if tartaric acid (which is, however, 
more expensive) is substituted for acetic acid. When usi^ 
tartaric acid one-third of the above quantity of acetic acid 
only should be taken. If the goods are dyed in a stror^ 
soap bath, wrung out without rinsing and worked in a cold 
acid bath, tSfc same efiect is obtained. 

Machine Dyeing.—Machine dyeing for,,loose cotton, 
sliver, , beams, cheeses, cops, and hanks is increasii^ 
rapidly owit^ to the improvement of the various machines, 
the number of which prevents the giving of detailed in¬ 
structions except on the following two points • 

(a) Use should only be made of colours which are easily 

soluble and possess good penetrating powers so 

• . that the goods are properly dyed through. 

(b) Owing to the liquor usually being j short one, less 
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common salt or Glauber’s salt is needed in order 
to exhaust the bath; moreover, this shoijld be 
gradual!}' added after the material has been 
thoroughly saturated with the dye liquor, so ^t 
the colom is not flushed on to the outside q^he 
material when the assistant is added. 

The Aftertreatment of Direct Cotton Dyestuffs.— 
Tixperience has shown that the methods of aftertreatment 
detailed hereafter are of great utility in improving to a 
remarkable extent the fastness of some direct cotton dye¬ 
stuffs to l^ht and washii^. It cannot, howevej:, be over¬ 
emphasized that the methods are not applicable to dl members 
of yiis class, but only tr certain of them which are fully 
Specified in the various colour-makers’ literature. After- 
treatment with bichrome is only really effective with dye¬ 
stuffs which contain salicylic acid, like diamine green G and 
chlorazol brown M. 

It must always*bc remembered that the shade of the 
d;mtufkk more or less altered by the aftertreatment. 
Sky blue r^f^T’ben aftertreated with copper sulpliate is 
changed much greener. Aftertreatment with formaldehyde 
is the most recent method to be adopted, and was receiving 
considerable attention at the hands of the* colour manu¬ 
facturers just prior to the war. It is one of the most pro- 
igising methods, becai;?e it has verj-little effect on the shade 
whilst improving the fastness to washing to a remarkable' 
extent. The colours which are suitable are those which have 
in their end component two hydrox} ! or two amido groups in 
the meta position, such as many direct cottoif'cflacks which 
have meta phsnylene diamine as one of the end components. 
A complex condensation takes place between the amido or 
hydroxyl groups and the formaldehyde, which condensation 
products are insoluble and* are therefore faster to washing 
and dot so fliablato stain adjacent white. 

Aftertreatment with Copper Sulphate.—'fliis process 
improves to a •remarkable degre*the fastness’to light of 
those dyestuffs w'hich are suitable. A fresh dyebdth is 
chafed with J-i per cent, copper sulphate, in which the 
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well-waslicd dyed material is worked 20-30 minutes at 
140° F. (60° C.). In connection with this process it must 
be remembered that a severe alkaline washing removes tire 
effpct of the copper sulphate to a great extent, whilst in some 
casi,' washing alters the sliade considerably. Direct cotton 
blues . nd browns are largely put through this process, 
especially the FF sk3' blues and the RW direct blues. 

Aftertreatment with Chromium Fluoride or Bi¬ 
chrome.—This process considerably improves the fastness 
to washing and milling but not to light of those clyestuffs 
which are,^suitable. A fresh dyebath is charged with 1-4 
per cent, chromium fluoride or 1-2 per cent, bichrome, in 
which the well-washed dyed cotton is worked 20-30 minjites 
just below the boil. Bichrome has a more marked effect 
on the shade than chromium fluoride. 

Aftertreatment with Bichrome plus Copper Sul¬ 
phate.—In order to improve the fastness of the colours to 
light and milling in one operation it *s common practice 
to work the dyed cotton for 30 minutes at iq 3 ° F. (qo° C .) 
in a fresh bath charged with J-2 per ceaJ>4)t?nrome,' f-2 
per cent, copper sulphate, and 1-2 per cent, -acetic acid. 
Any cloudiness in the bath must be corrected by addition 
of more acetic^acid before entering the cotton. 

Aftertreatment with Formaldehyde.—This process 
has a marked effect on the fastness to wasliing and milling 
but not light of those dyestuffs wliich are suitable. A fresh 
bath is charged with 1-3 per cent, formaldehyde {40 per cent.) 
in which the cotton is worked 20-30 minutes at 140° F. 
(60° C.). 'iTns process is of especial value for most direct 
cotton blacks, whereby the fastness to warding against 
white cotton is remarkably increased. 

Coupling with Diazoti^fed Paranitraniline.—This pro- 
c^ really amounts to the maksng of a new colour on the 
fibre, as is evidenced by the increased denai.ty df the shade 
in the case of blacks, whilst with many other colours the 
coupled shade is completely different to the dyed shade, which 
makes Uk exact matcliing of a shade very difficult. The 
coupled colour is faster to washing and jjcids than ^ the 
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coupled colour, but no improvement is made in the fastness 
to light. It requires some little experience to diazotize 
paranitraniline, but the following method will be found to 
give a perfectly clear solution with a little practice. Diazo- 
tized paranitraniline may be prepared as follows: 
paranitraniline are stirred into a paste with 3^.^1ons 
boiling water, then 5| lbs. spirits of salt 32° Tw. are added, 
and the mixture stirred until it goes clear. If it does not 
go clear the solution must be Ijoiled, because it is essential, 
for compete diazotization that the solution is clear when the 
cold water is added. 10 gallons of cold water is now slowly 
added during continuous stirring, the object of which is to 
get .the paranitraniline precipitated in as fine a state of 
division as possible—the finer the state of division the 
easier to diazotize. This is allowed to cool, tlien i lb. 
nitrite of soda (98 per cent.), dissolved in 2 gallons cold 
water, is added all at once, and the solution stirred till it 
goes clear. On addipg qj gallons water to the above one has 
a ^e^ent. solution of diazotized paranitraniline from which 
anygiveii^6jgh1;,may be easily measured. The diazotized 
paranitraniline shoul^be kept in the coolest place in the 
dyehouse. For every gallon of the above solution added to 
the dyebath, add ij oz. soda ash and f oz. sodium acetate. 
The object of this addition is to neutralize the hydrochloric 
ayd and to have acetic acid present. Coupling will not 
take place in presence of hydrocliloric acid, so that it is * 
partially neutralized with the soda ash, then the balance 
is neutralized with sodium acetate, which sets free acetic 
acid. Partial neutralization with soda ash is rlbi’de to econo¬ 
mize the use jjf the more expensive sodium acetate. Basic 
colours may be added direct to the coupling bath, by which 
means the beauty of the sha^ may be considerably en¬ 
hanced. Blacks are frequently beautified by addition of 
0‘i per cent, methylene blue B to the coupling bath. 
Coupling is carried out in a fresh bath for half an hour. 
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Direct Cotton Dyestuffs (which may be Diazotized 
AND Developed). 

^Tlie first member of the direct cotton dyestufis which 
coiii''^be diazotized and developed was discovered by Green 
in i8L/.,^to which he gave the name Primuline. This colour 
had no special interest as a direct cotton dyestuff owing to 
its fugitiveness to light. It was, however, discovered that, 
owing to the presence of a free amido group, it could be 
diazotized and developed; by combining it with various 
amines and phenols a range of yellow, orange, red and 
maroon shades could be obtained of very good fastness to 
milling, washing and boiling acids. This operation ca? be 
carried out by first dyeing the cotton with a diazotizable 
colour, then diazotizing and developing on the fibre. These 
good properties gradually—^because novel methods of appli¬ 
cation have to gain the confidence of dyers by proving them¬ 
selves in the manifold uses to which ihe different classes 
of goods are subjected—led to the adoption of this .proce ss, 
and primuline red (primuline-f /3 naph.tli«lf^tecanie” a 
standard shade. As usual when a nlw departure in colour 
chemistry is discovered it is exhaustively worked by colour 
(;hemists, with the result that there is now a large number of 
diazo dyestufis available, some of which Iiave outstripped 
primuline in importance. The most successful have begu 
-. the BH type of black, diaminogene B and Zambesi blacks, 
the cpnsumption of which has been enormous for sewing 
thread and mercerized yams. The dyeing process is a compli¬ 
cated one as- will be seen below, so that when the sulphur 
blacks were introduced developed blacks begap to lose their 
importance except for certain lines such as sewing threads, 
because a much faster blaclKcould be obtained with sulphur 
blacks in a much simpler manner. Owing to the lack of a 
sulphur red, developed reds have still held^thek own where 
reds fast to boiling acids, milling, crabbing, etc., are re¬ 
quired. Oxe weak point pf this class of colour has been the 
poor*fastaess to light, but the latest addition^j^ this class 
of colour—diazo fast scarlets—have shown s wdctune 
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improvement in this respect. The improved fastness of 
the developed dyestuffs as compared with direct cotton 
dyestuffs is due to the fact that the colour which is pro¬ 
duced on the fibre is insoluble in comparison with the S£me 
colour befc^e it is developed. It is only to be exp^ed 
that the colour is faster to washing, etc., because ^'Aore 
insoluble a cotton dyestuff is, the faster it is as a general rule. 

* The main points to remember in connection with this 
process are 

(i^ Slone or wooden vats must be used for diazotizing ; 
on no account may iron cisterns be used, or else 
the diazo compound is destroyed. 

^2) The diazotized compound is sensitive both to light 
and heat, either of which decomposes it, so that no 
delay whatsoever must take place in developing 
the goods after diazotization has taken place. 
No sunlight must be allowed to play on the cotton, 
nor must it^be put close to a stove or hot steam pipe, 
because cotton so exposed will not subsequently 
develop. 

(3) Except with Tiaphthylamine ether and amido-di- 
phenylamine all developing baths shoidd be on 
the alkaline side, or else the shade will not develop 
properly. 

The cotton is dyed in the manner described in the 
earlier part of this ^tion: it is then well washed and 
worked 15-30 minutes in a cold bath, charged, with 
1-3 per cent, sodium nitrite, 5-10 per cent, spirits of 
salts, or 3-5 per cent, sulphuric acid. The cotton is 
lightly rinseij, and passed without delay into the cold 
developing bath, in which the material is worked I3~3® 
minutes, after which the cottoii*s washed, soaped if thought 
desirable, and dried. 

The follffwirip; developers are the most commonly used: 
Resorcine, meta phenylene diamine, meta toluylene dia¬ 
mine and j 3 naphthol: naphthyl^nine ether arti amido-di- 
phenylamine ci:e used for blue shades, whilst phenol* and 
a naphthofare occasionally used. With the exception of 
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naphthylamme ether and amido-di-phenylamuie, which 
require to be dissolved with their own we^ht of spirits of 
salts, the above developers are dissolved by stirring them 
into a smooth paste with their own weight of caustic soda, 
an^^ pouring boiling water over them. With, the above 
two V^eptions, all the developers are miscible one with the 
other in any proportion. This is frequently done, because 
in the ease of blacks meta phenjdene diamine gives & 
black with a brownish cast which may be corrected by the 
use of some resorcine which gives a green tone bldck,,or B 
naphthol which gives a blue tone black. 

Wool.—A few direct cotton dyestuifs give shades of 
excellent fastness to washing and milling on wool, whilst 
the fastness to light is generally much better than the same 
colour on cotton. The>', therefore, find a limited use in 
wool-dyeing, e.g. the shawl trade, effect threads in woollen 
pieces, knitting yams, etc., whilst a colour like benzopurpu- 
rine 4B is laigely used as a scarlet in tlje low woollen trade. 

It must, however, be remembered that the majority of 
direct cotton dyestuffs will stain any cotton ^vasHSTWith 
any wool dyed with them. In dyeinf these colours prepare 
a dyebath witli the requisite amount of colour and 10-20 
per cent. Jompion or Glauber’s salt. Enter the wool luke¬ 
warm, raise to boil and dye boiling J hour. To facilitate 
exhaustion of the dyebath acetic acid may be added, exc^ 
t with benzopurpurine and similar colours sensitive to acid. 
When afterchroming with chromium fluoride this is added to 
the dyebath after the bath has been exhausted with acid 
and boiling otntinued another | hour. 

The types most commonly used are chrysophenine G, 
owing to its fine shade, fastness to washing and excellent 
fastness to light; benzopuijiurine 4B; deltapurpurine 5B; , 
reds of the diamine fast red F ^e, owing to their excellent 
fastness to l^ht and millii^, coupled with the fact thaj: they 
may be used with mordant dyestuffs, since they are salicylic 
acid compounds: the samj reasop applies to .direct greens of 
the shlojazol green G type. 

Silk.—The direct cotton dyestuffs are of gteat utility 
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in the dyeii^ of silk when shades fast to milling, washing 
or water are required, whilst selected diazo colours give shades 
of good fastness to boiling soap, e.g. primuline developed 
with ^ naphthol is laj^ely used on silk for a red fast to soap, 
whilst diazo blacks are used to dye a fast to milling bjfejjk 
on silk noils, which is a form of silk very difficult tq^ye in 
fast shades. ^ 

. Application.—Dye in a boiled-off liquor or soap bath 
with the addition of 10-40 per cent. Glauber’s salt. Enter 
lukewarm, bring the bath gradually to the boil and dye 
simmering ^ hour. In a large number of cases acetic acid, 
and even sulphuric acid ma}^ be added to get'exliaustion 
of the bath. This must be avoided if tlie colour is sensitive 
to a^ids, for the same reason scrooping must be used with 
discretion. 

All the methods of aftertreatment detailed above for 
cotton may be used on silk, whilst the developed dye¬ 
stuffs arc dyed in the same way. 


GIJNERAL NOTES. 

The direct cottou dycituffs arc applied to linen and jute in exactly 
the same way as dot,died lor cotton. They arc used on linen very largely, 
whilst on jute they arc used lor special lines where an«mJrovcd fastness iS 
required. 

A basic dyestutf forms a precipitate with a direct cotton dyestuff 
wktn mixed together, which shows that they have an affinity for one 
another. Theymust, therefore, never be used in the same dyebath. Advan¬ 
tage is, however, taken of this affinity in topping direct cotton dyestuffs 
with basic dyestuffs. Topping with a small amount of basic dyestuffs 
has a very beautifying effect on the shade. It is very common practice 
to top direct cotton blacks with o'l per cent, methylene*blue aB, which 
counteracts any rgflncss of tone. The topping is carried out in a cold 
bath, charged with the requisite colour and 1-2 per cent, acetic acid. 
Enter cold, work cold 10 minutes, then raise up to 140* F. (60® C.) in 
•*» minutes. The acetic acid is used toi^revcnt the colour striking on too 
quickly, but must not be used in eases where the direct cotton colour is 
sensitive to acid*. Discretion must be used in warming up the dyebath, 
because fn many instances this will not be necessary, as the colour will 
exhaust cold. 

The direct cotton dyestuffs are not u*d in dyeing vegetable-tanned 
leather owing to lar’- jf affinity, but they are gaining increased iihpor&nce 
in the dyeing oi chrome-tanned leather for which they have good afSpity. 

N. 6 
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Dyeing ft usually cairied out in the drum in uhicU the leather is first 
drummed with borax in order to remove any acid which may be left in 
the skin from the tanning process. The leather is then drummed for i hour 
at too* F. (40* C.)wilh the requisite dyestufi.with or without the addition 
of Glauber’s salt. Large quantities of direct cotton blacks of the chlorazol 
blac^ li type are used for dyeing chrome leather black. 

Vhtid chip is largely dyed with direct cotton dyestqte, for which 
it has a ^od afSnity. Dyeing is carried out at the boil with the addition 
of Glauber-s salt or common salt, until the plait is sufficiently penetrated. 

Selected direct cotton dyestufis of good fastness to light are used in the 
paper trade lor shades in which fastness to light is required. Stilbene 
yellows arc largely used 011 paper, also direct cotton pinks. 



Section VI.-THE AZOIC OB INSOLyBLE 
AZO COLOURS 

Azoic is the distinguishing name given to that class of 
azo ^estuffs which are not applied as dyestuffs, but are 
actually produced within the fibre by impregnating the 
fibre with one component of the colour, followed by a 
passage through the diazo solution of the other component: 
sine*, ice is beneficial in preparing the diazo solution of the 
respective amine or diamine employed, this class of dye¬ 
stuffs is also known as ice colours. It will be gathered 
from the above that the application of these colours is not 
a dyeing process, but is actually direct-colour formation 
on the fibre. Similar to the manufacture of azo dyestuffs 
ou*the big scale the process is carried out cold. This process 
was first patented in iS8o by Messrs. Thomas and Robert 
Holliday, who did a large business in this class qf colour, 
cliiefly in vacanceine red : tliis was produced by coupling 
jS naphthol padded yarn with diazotized j8 naphthylamine, 
wliich yielded a fine blue-red which was largely used in 
towelling. In the first patent the advantage of previously 
preparing the cotton with oil was not included, but.this 
was subsequently patented in 1882. Moreover, unlike 
para red on yam, vacanceine red was both {prepared and 
developed in loo-lb. lots, whereas para red is done in 2-lb. lots. 

The most popular combination m this class of colour 
naphthol + paranitraniline, ^'hich is a fine red com¬ 
mercially known as para red. 5 n pieces it is produced in 
enormous quantities as a cheap substitute for Turkey red, 
but on yam it is applied to nothing like the same extent. 
Paranitraniline was first produce^, in 1889 by keister, 
Lucijis and Bni’’*iig, who have played the leading part*in 
the development of this class of colour. Paranitraniline 
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was particularly well received in Russia, and Russian 
chemists have played a prominent part in the adaptation 
of this process to calico printing (in which it is most largely 
us^), especially in the successful discharging of the same. 

j^pha naphthylamine - 1 - /3 naphthol gives a claret 
which i^iay be classed as the second most popular azoic 
colour. It is used extensively on pieces, but notliing like 
to the same extent as para red, and to a ver\’ limited exteift 
on yarn. In 1893 dianisidine was introduced, wliich in 
combination with jS naphthol gives an unattractive, blue 
of a dull .violet hue, not fast to light; if, however, the 
coupling is carried out in tlie presence of a copper salt, a 
fine shade of blue is obtained which is fast to soap and fastei 
to light than indigo on cotton: it has, however, the drawback 
of not being fast to acids or perspiration, so that its adop¬ 
tion has not been as widespread as was at lirst anticipated. 

jS naphthol was practically the ouh body used for coupling 
with the various amines employed ui>til naphtliol AS wai 
introduced, wdiich is fully dealt with later in this section 
A modification of /3 naphthol has been used under the name 
of naphthol R, which consists of a inixture of 9 pts. ^ naph¬ 
thol with I pt jS naphthol mono HSO3 2; 7. The ad- 
taixture of tKs .sulphonic acid makes the shade bluer thai 
with ^ naphthol alone, but the presence of the sulphonh 
acid naturally makes the red produced more soluble aijc 
therefore less fast to soaping. 

The following are the chief amines and diamines w'hicl 
have been used with ^ naphthol and the respective shade; 
yielded by tlfcm :— 


Paranitranilinc. Red. 

a NaphthylaminCj Claret. 

j8 Naphthylamine. Blue rec 

Metanitraniline. Oraqge. 

Nitro Toluidine. Crange. 

I Benzidine. Puce. 

Tolidine. \,Puce. 

Nitrophenetidine. Binjj, 


Dianisidine (with Copper Salt). Blue. 
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The properties of this class of colours are very good in 
that they possess very good fastness to washing and soap¬ 
ing, coupled with a fastness to light superior to the direct 
cotton dyestuffs. The shades are also fast to acids except 
the copper ♦salts, which are sensitive to acids. This is the 
weakness of dianisidine blue, which is coupled in the presence 
of copper chloride. The shades also possess a good fastness 
fo chlorine. The two defects of this class of colour are that 
they rub off to a greater or less extent according to the 
skill witli which they are d3'ed ; this can be easily under¬ 
stood when it is remembered that the process^ consists of 
precipitating au insoluble colour in the fibre, because there 
is bound to be precipitation on the surface. The degree of 
tfub8ing largely depends upon the thoroughness with which 
the soaping is carried out. The other defect is that the 
colours sublime off the fibre on heating. This defect is 
used as a characteristic test for this class of colour, viz. 
placing the pattern Jjetween white calico and ironing witli 
,a^ot iron, when the colour will sublime on to the calico: 


shades which have been coppered or coupled in the presence 
of a copper salt do not sublime. 

The production of these colours is carried out in the 
following waj’: The material is first ] Ridded with the 
j8 naphthol, dried, the colour developed by passing through 
the diazo solution, then washed, soaped, washed and dried. 

j8 naphthol being insoluble in water, it is necessary to 
bring it into solution before the fibre is impregnated with it. 
This is done by use of caustic soda, which rules out the use 
of these colours for animal fibres. The follow'i«g is a typical 
j8 naphthol prepare;— 


2i lbs. (8 naj)hthol 

• • 

are stirred into a smooth paste with 

pints caustic soda 90“ Tw., 

7^ lbs. Turkey red oil, 

• * t 

which Cs theiT..'dissolved by pouring 9 gallons of* boding 
water over^he paste whilst stkrir^. 
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The material must be thoroughly boiled out with gllrali 
to clean it and then dried before being padded with the 
above solution. It will be readily understood that unless 
the material is padded evenly with the j 3 naphthol the 
resisting shade will naturally be uneven when >he para red 
is developed. The greatest care must therefore be taken in 
wringing out the 5'arn or squeezing the pieces. The sticks 
which are used for the yarn must be used for this purpose ‘ 
only, and should be saturated with the j8 naphthol prepare 
before being used. Yarn is usually padded 2 lbs. a't attime, 
and automatically squeezed, fresh prepare being added to 
the bath to compensate for the amount taken out of the 
trough by the yarn. The 3-arn is then dried on revolving 
dr>dng machines or hung on sticks in the stove. Pfece^ 
are padded on a padding machine, then dried in the hot 
flue or less frequently on drj’ing cans. The drying of 
^naphthol prepared material has to be verj' carefnlty carried 
out, because the jS naphthol sublimes the fibre at hi gh 
temperatures. Drying should, thcrefoie, be carried out 
at 120-140° F. {50-60° C.). Once the padded material lias 
been dried it should be developed'as quickly as possible, 
because jt turns brown on exposure, so that the resulting 
fhade is nofe s^ bright. For the same reason no more 
padding-solution should be prepared than can be used 
in one da^’, because it also turns brown and deteriorajes 
‘ on keeping. Again, the greatest care must be exercis^ 
in haudling the diy^ padded material. Wherever it is 
touched with a wet hand or a drop of water falls on it there 
will be a yellpw mark when the shade is developed, due to 
the dissolving of the /S naphthol by the ippisture. This 
tendency to turn brown may be delat ed by the addition of 
alkaline antimony oxide solution to the J 3 haphthol prep arp 

The padded material is*pa£sed through the solution of 
diazotizeil paranitraniline when the red dej^elops praptically 
instantaneously. 

The perfect diazotizEytion 0/ paranitraniline requires a 
cerfein nmount of skill and practice; if aOU^jtion is paid to 
thejollowing instructions a good result will be^^ained :— 
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Two lbs. paranitraniline are stirred into a paste with 
3 gallons boiling water, then sj lbs. spirits of salte, 32° Tw., 
are added, and the mixture stirred until it goes clear. If 
it does not go clear, the solution must be boiled until it 
does go clfar. This is an essential point, because 5 t is 
necessary for complete diazotization that the solution is 
clear when the cold water is added. Ten galloife of cold 
Wter are now added, whilst continuously stirring, the 
object of which is to get the paranitraniline hydrochloride 
precipitated in as fine a state of division as possible—the 
finer the state of division, the easier to diazotize. This 
is allowed to cool—^if ice is available it should be used to 
cool the solution to 3-4° C. One lb. of sodiimi nitrite 
dis8blved in 2 gallons of cold water is added all at once, 
and the solution stirred until it goes clear—it is essential 
to add the sodium nitrite all at once. On adding 4J gallons 
cold water to the above one has a i per cent, solution of 
diazotized paranitrjniline. If the diazo solution does not 
clear on adding the nitrite, but a voluminous yellow 
precipitate is fonned, this is a certain indication that there 
is a shortage of hydrochloric acid or sodium nitrite. Hydro¬ 
chloric acid should always be present in excess, because 
it makes the diazo solution more stably Sodium nitrite 
should also be present in excess to counterbalance any loss of 
jutrous fumes and to ensure all the paranitraniline being dia¬ 
zotized. Both these precautions prevent diazotized paranitra* 
niline coupling with any unchanged paranitraniline present 
to form the voluminous yellow precipitate referred to above. 

It will be gathered from the above that a method of 
avoiding the. troublesome process of diazotizing para¬ 
nitraniline would be a desirable thing and a commercial 
success. Since 1894 stable ^zotized paranitranilines in 
powder form liave been oi> the market. Though dearer to 
use than phjasitraniline, they have been readily adopted 
where occasional use only was being made of the diazotized 
paranitraniline,. 

• The ^*-''kable form of diazotized parailitrahiline 
manufactured commercially was nitrosamine red, which was 
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pat on^the market in 1894. This is represented by the 

formula N02C8H4N<(jj^, and is formed by the addition 

of caustic soda to diazotized paranitraniline, until it is 
alkaline. Great hopes were built on this pro^jjct in that 
it was thought possible to print the p naphthol and nitrosa- 
raine re^ on the cotton together, and so produce para red 
in one process. Theoretically it was possible, but in practice 
it was not found possible to get good results. However, by 
an addition of hydrochloric acid to nitrosamine red dfezoiazed 
paranitraniline is obtained so that it could be used as a 
stable form' of diazotized paranitraniline. The two other 
stable forms of diazotized paranitraniline are sold as nitra- 
zol C, put on the market in 1897, and azophor red*PN, 
—the latter consists of diazotized paranitraniline and desic¬ 
cated Glauber’s salt or aluminium sulphate. The use of 
these stable forms of diazotized paranitraniline is ver>’ con¬ 
venient, as it abolishes the necessity of ice, which is not 
always obtainable, but it should always be remembered 
that one pays for this convenience. 

• Whendeveloping para red two thinf s mu-st be remembered, 
viz. the developing bath must be dead cold and no mineral 
a^id mast be pr^ent in the coupling bath or else coupling 
cannot take place. The mineral acid is preferably neutra¬ 
lized by means of sodium acetate, which liberates ace^c 
*cid in neutralizing the hydrochloric acid. Since sodium 
acetat^ is expensive part of the mineral acid is neutralized 
with caustic soda or soda ash, the neutralization completed 
with sodium a^tate. The developing solution of diazotized 
paranitraniline (prepared as detailed above) i^, diluted with 
I gallon of cold water, in which i| oz. .soda ash and | oz/ 
of sodium acetate have be^ dissolved for every gallon 
diazotized paranitraniline. . 

A developing bath of azophor red PNJs prepared as 
follow's:— 

33 J lbs. azophor red Pliare made into a'Smooth paste with 

28 gals, cold water : after standing for sS aral h ours the 
. clear liquid is drawn ofi : the residue is waShed with 
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7 gals, water and the clear solution again drawn o:^. Then 
17I lbs. caustic soda, 36° Tw., diluted with 
6 gals, water, is added. 

The developmg solution, once it has been neutralized, must 
be used straight away, because in this form it is not stable. 
Yam is worked in the developing bath 2 lbs. at a time, 
^ and after being wrung out, is allowed to lie for some time 
before washing in order to ensure that the coupling is 
complete. 

Pieces are developed on the padding machine and given 
an air passage before passing to the washer yi order to 
complete the coupling. 

The developed material is thoroughly washed, then 
^thoroughly soaped for 15 minutes at 140“-F. (60“ C.), with 
J lb. soap per 10 gallons. If alkali is added the shade is 
turned bluer. On the thoroughness of the soaping depends 
the fastness to rubbing: if the temperature of the soap 
bath is taken higher than 140° F. (60° C.), the shade becomes 
^:^:t^l|)lower. The material is finally well washed and dried 
at a low temperature. 

a Naphthylamine 'Claret.—This shade is jjroduced on 
similar lines to para red, and the same precautions should 
be taken. The cotton is prepared with— 

2j lbs. |8 naphthol, 

1 1 pints caustic ^oda, c)0° Tw., 

7I lbs. gum tragacanth, 10 oz. per gallon, 
made up with water to 10 gallons, 

and developed in the following solution :— 

• 

9^ oz. a naphthylamine are dissolved with 
5 quarfs hot water and 

IJ noggins h> drochloric acid, 36° Tw. When cool add 
2| noggins hydrochloric«.€id, 36° Tw., 

8 lbs. ice; and at 32°*F. (0° C.) add 
• S^noSsSHW’ sodium nitrite (3 lbs. per gallon). 

The whole is then §Jtered ajnd neutralized just before use with 

20 oz. soSfum acetate and made up with coldwater to 
4 gallons. 
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In 1912 the Chemische Fabrik Greisheim Elektron 
introduced a new naphthol which they termed naphthol AS, 
which is jS oxy naphthoic acid anilide— 

This has several advantages over j8 naphthol, as will be 
indicated later, biit its initial high price prevented it from 
being a serious competitor of naphthol, but no douljt the 
price -will gradually be reduced. The war, of course, cut 
ofE supplies, but it had aroused great interest during the 
short time it had been on the market, owing to the brillianc)’' 
and fastness of the shades obtained coupled with the* less 
stringent conditions required in applying it. For instance, 
the blue obtained by coupling dianisidine in the presence 
of copper chloride with naj)hthol AS, is claimed to be faster 
to chlorine than indigo or hydron blue. The red obtained 
by coupling fast red G base with naphthol AS is claimed to 
be faster to light than para red. ^ * 

The great advantage of naphthol AS over y 3 naphthol 
is that owing to the substantive dyeing qualities of naph- 
yiol AS as copipared with /3 naphthol it is not necessary' to 
dry the naphthol prepared material, but it may be passed 
straight into the developing bath after well squeezing it 
•out of the naphthol bath. Another difference is the addition 
of formaldehyde to the naphthol bath, which permits of 
the impregnated cotton being allowed to remain wet, so 
that a large quantity may be prepared, then dyed altogether, 
instead of 2 lbs. at a time. Partial drying of the material 
must, of course, be avoided. ' « 

The following recipe ig abstracted from the mak er's, 
pattern card 

Naphthol AS prepare, 

Naphthol AS, 120 grs. 

Caustic soda, 62° 'l^w., 209 £.c. 

Tjirkey red oil, 300 grs. 

Stit.the naphthol AS into a smooth paste with fBfc caustic 
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soda and Turkey red oil, then add some water and Ijoil until 
dissolved, now make up to 10 litres, and add 120 grs. form¬ 
aldehyde (40 per cent, solution). Impregnate the cotton at 
80-100“ F. (25-40“ C.). On no account must the form¬ 
aldehyde bg added to the boiling bath, but only when it has 
cooled. 

The cotton yarn should be boiled out with ^kali and 
3 ried previous to impregnation; give 3-4 turns in the 
naphthol bath, wring out, pass through the bath again, 
wring out and straighten the yam by dumping on a peg. 
Enter the wet yam in the dyebath prepared as follows 

9 

Stir into a paste— 

300 grs. fast scarlet G base with 
600 c.c. hydrochloric acid, 32° Tw. : dissolve in 
2000 c.c. boiling water : allow to cool, then add 
1500 grs. ice. 

Pour slowly into the above whilst stirring— 

156 grs. sodium nitrite dissolved in 
500 c.c. water. 

Finally make up to* 10 litres with cold water. 

The actual dyebath is made up by mixing— 

10 litres of the above diazo solutioft, fdtered throuJ|h 
calico with 

. 10 litres cold water, and immediately before dyeing add 
1600 c.c. acetate o*f soda solution, 1:1. 

To replenish the bath as the liquor is taken up by the 
yarn passed through it, add f litre per 2 lbs. yam of the 
following diazo solution 

10 litres diazo solution, 

5 litres water, g 

1600 c.c. acetate of soda •mution, 1:1. 

• 

Aftej dyeing wa sh well, soap at 140° F. (6o“ C.), wash and 
dry at I 5 w tmperatures. 

Other bases iw use w^jth naphthol AS are j?ut on the 
nvarket; for fiifther details the reader is referred toJ.SfD.C., 
April, 1^4. 
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In '^ebn^ar5^ 1916, a further improvement was an¬ 
nounced in the application of naphthol AS. The author 
gives the details, but is not in a position to endorse or 
otherwise the claims made. It has been found, and patented 
in November, 1914, by the Griesheun Elektro.n, that con¬ 
centrated solutions of nitrosamines made from the bases 
recommended by them and naphthol AS alkali salt are 
stable, and may be obtained in paste or powder form withoitt 
formation of the colour. The above are pale yellow in 
colour, and dissolve easily in cold water. Dilute sc^utions 
of the above precipitate the respective dyestuffs, if warmed, 
or if acetic acid or biclirome is added. On the other hand, 
the addition of monochromate to the solutions increases 
the stability. The presence of alkali also increases'* the, 
stabilit}’, as one would expect. 

These stable mixtures of nitrosamiiie alkali salt and 
naphthol AS are put on the market under the name of 
“ Rapid Fast Dyes.” 

The following illustrates the method of procedure 
piece dyeing:— 

y 

150 grs. rapid fast dye red GL paste are mixed with 
36* c.c. cold water, 

40 c.e.«Tiirkey red oil, and then 
500 c.c. cold water is stirred in. 

The cloth is padded with this mixing, dried in the hot 
"^^ue or lianging stove, then passed through a solution con¬ 
taining 40 c.c. acetic acid, 8° Be., and 75 gr. Glauber’s salt 
per litre, which is kept just under the boil. The bath must 
remain acid whilst the cloth is passing through ; to this end 
the bath must be tested for acid, and more added if necessaryf 
The cloth k then well washed, soaped as usual for these , 
colours, washed and dried. 

It is claimed that the results are practicably equal to 
those obtained by first padding and then "developing. If 
practical Experience confirms these claimg. then it is evident 
that«this,process is of a far-reaching importance which if; is 
difficult to estimate. 



Section Vll.— THE KESORCINE DYESTUFFS 

XliE resorciuc or plithaleinc dyestuffs necessitate a section 
to themselves owing to the fact that they include colours 
which aje used as basic, acid, and mordant dyestuffs in 
the d^ing industry. However, the methods employed in 
their application are identical with those detailed in the, 
respective sections. 

included in this group ol dyestuffs arc cosines, rose 
•bengal, erythrosiue, phloxine, which give a beautiful range 
of pinks on silk and wool, and are also applied by a special 
process to cotton. Kosines are also used for the manufactmre 
of imitation vermilion lakes and red ink. The rhodamines 
are applied both a8 basic dyestuffs on cotton, acid dye- 
ftuffs on silk and wool, and are also used on jute, paper, 
leather, straw, wood ,chip, etc. Fast acid violet AsR, 
violamine, etc., are applied as acid dyestuffs to silk and wool, 
and yidd red violet shades of good fastness to light and 
milling. Finally, galleine and ccerulein! a*re applied & 
mordant dyestuffs on wool and silk and are also used in 
c 5 hco printing fixed with acetate of cluome. 

The fir-st member of this group was fluoresceine, which 
was discovered in 1871. It was never largely use<f as a 
dyestuff, but was interesting owing to the fact that it gave 
a fluorescent solution in water, which is dBaracteristic of 
many of the Cosines and rhodamines. The cosines followed 
nom 1874 onwards, succeeded^y rhodamine B in 1887. 
rUB" group of dyestuffs inckfies indisputably the most 
brilliant and beautiful coat tar dyestuffs extant, and in 
their'eajij' days fetched very high prices, until competition 
brought them do^ to remarkably low figures. 

The fastnesB/l^light of these’colours is not remarl^^ble, 
bift th^fhades have become standard in many sections 
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of the <Veitig trade, and the merchants recognize that if they 
will have the bright shade they must accept the poor resist¬ 
ance to light as well. The fastness to washing is also not 
good as a rule, but rhodamine B.G and fast acid violet AzR 
are quite good to washing and light milling on wool, whilst 
galleine and coeruleine will withstand a severe milling when 
used on (, chrome mordanted wool. The consumption is 
relatively large. 

Their application requires very little space. Kosines 
are applied on cotton in the following way ; Make up a,bath 
with salt to stand at 7° Tw., and add the dissolved\;olour 
to this. The cotton is dyed lukewarm, steeped for i~2 
hours, and dried without rinsing. The rhodamines and 
cosines are dyed like acid dyestuffs on wool and silk, though 
the cosines are now practically never used on wool. It' 
should here be mentioned that rhodamine B or G in com¬ 
bination with acid orange II. yield very bright scarlets, 
which are brighter than may be obtained with homogeneous 
acid scarlets. On jute this combination has the drawbacli 
that the rhodamine does not penetrate as well as the orang^ 
so that the centre of the jute yarn dj-ed with this combina' 
tion is orange instead of scarlet. 

On cotton the rhodamines are applied like basic dye- 
sfuffs, rhodamine* 6G being the universal type for cotton, 
because rhodamine B or G do not yield pleasing shades ot 
tJiis fibre. Less tannic acid is required by the rhodamines 
as a mordant than by the other basic dj estuffs. 



Section ¥IU.-THE SULPHUR DYESTUFFS 

The earliest known type of this class of dyes'^ffs was 
cachou de laval, which was discovered by Croissant and 
Bretonniere in 1873. Although it possessed properties of 
great* ^fue to the cotton dyer, it remained the sole repre¬ 
sentative of this class of dyestuff until Raymond Vidal— 
a French chemist—discovered Vidal black in 1893. This 
dyestuff was at once novel in its application and outstanding 
jn its properties of fastness to light, milling and washing, 
and boiling acids—far surpassing any cotton black known to 
cotton dyers with the exception of aniline black produced 
on the fibre by the oxidation of aniline oil or salts. Vidal’s 
discovery aroused th%greatest interest, both in colour-making 
Mflid dyeing circles, with the natural result that the fusion 
of organic bases with caustic soda and sulphur, etc., was so 
intensively and successfully worked that the consumption 
of sulphur dyestuffs is now extremely large. Tharange of 
this class of dyestuffs include blacks, blues* gteens, browns, 
oranges, and yellows. There are, however, some notable gaps 
iaAe seijes before the range may be considered complete. 
At the time of writing ho bright scarlet, crimson, or violef 
has been commercially produced belonging to the su^hur 
dyestuffs. 

It is a curious fact that, if the first representative of 
a new class oWyestuffs is of exceptional fastness, the con¬ 
clusion is jumped at that all members of this class possess 
th^ame exceptional fastness, a^« it is only by bitter experi¬ 
ence that colours are estimated at their true value. This 
mistake >2g^^ade in the case of the sulphur dyestuffs, and 
has been repeated in recent years in the case of ^ the vat 
dyestuffs, which lifter class, though it contains some of 
the»fastesj dyestuffs known, also includes dyestuff's wmch 
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are not even fast to cold water. It must'always be re¬ 
membered that there are considerable variations in the 
fastness to light of the different sulphur dyestuffs. ' With 
few exceptions no stilphur dyestuff is as fast as the sulphur 
blacks; some sulphur blues and some sulphur greens— 
such as cross dye greeu B—possess similar fastness, but 
sulphur ^browns, olives, and oranges cannot be compared 
with the sulphur blacks for fastness to light, whilst the 
sulphur yellows are notably deficient in fastness to %ht. 
To overcome tliis deficiency of the yellows it is a verycoipmon 
and commendable practice of dyers to use a direct* cotton 
yellow of the chlorazol fast yellow B type. Such yellows 
possess excellent fastness to light—^infinitely superior to 
sulphur yellows — coupled with very good fastness to 
milling and washing, so that their use is permissible and 
advisable except when the dyed shade has to withstand a 
subsequent boiling with acid, e.g. cotton warps which are 
cross-dyed. The type of direct cotton yellow mentioned 
will withstand the reducing action of *che sodium sulphide, 
but it must be remembered that the majority of dir^? 
cotton dyestuffs will not do so, but »re destroyed. It must 
also be noted that the sulphur dyestufis will not stand the 
action of chlorine, l)ut are peculiarly sensitive to it. 

The virtues ol the .sulphur dyestuffs immediately forced 
themselves on the notice of the dyers, l)ut the method of 
J;heir application was so novel that they were looi!.t 5 d upoh 
L with diffidence. vSome of the earliest results of their applica¬ 
tion bn the big scale were weird in the extreme, and very 
discouraging, but the early diffajulties of their application 
were, however, gradually overcome with the co-operation 
of the master dyers. Nowadays the dyeing of sulphljf 
dyestuffs is thorouglily ut^ierstood, and few difficulties are 
encountered. 

Side by side with the improvement of thq methods of 
application must be recorded improvements ilTtfit methods 
of manufacture, notably in the case Qf the blacks. The 
earliest Jtypes of sulphur‘blacks, such as Vidal black, pos¬ 
sessed much inferior colouring power and affinitje for 'the 
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cotton, compared with the modem types; moreoW, one 
had to chrome the cotton after dyeing in order to fully 
develop the shade. Modern sulphur blacks do not, however, 
require chroming, and indeed are practically never chromed 
except in t^e case of warps. In the early days of sulphur 
dyestuffs their application was strictly confined to vege¬ 
table fibres; silk and wool could not be dyed owiftg to the 
Strongly alkaline nature of the dyebath. In the case of 
cotton their use was confined to raw cotton, hanks and warps 
owing th the rapidity with which the earlier types oxidized, 
which made the level dyeing of pieces impossible due to the 
selvedges bronzing so quickly. Nowadays an enormous 
number of cotton pieces are dyed in the ordinary jigger 
without any trouble in the ordinary routine of the cotton 
’piece dyehouse. 

Several processes have been patented for the dyeing of 
silk, wool, and mixed goods. On silk they may prove useful 
for shades fast to bailing, but I am of opinion that there 
is practically no scope for their application on all wool 
goods because of the large number of satisfactorily fast wool 
colours which are a\'fdlable: colours which are not only 
faster than the average sulphur dyestufis, but whose applica¬ 
tion is easier and which leave the wool in .better conditio*. 
For instance, there is no comparison in the ease of dyeing 
piece with diamond black compared with dyeing 
a similar piece with Sulphur black. On silk they mSf 
prove useful for shades fast to boiling soap, but their general 
lack of brightness will prove a drawback for this class of 
work. In union dyeing I can see every project of success 
for certain classes of work—these are fully detailed in 
Section X. 

J2pe great drawback to the .earlier sulphur blacks was 
the tendering of the cotton^ue to the development of sul¬ 
phuric acid* on storing. A large amount of work has been 
done on* tiiis subject, and the conditions which favour ten¬ 
dering and those '.vhich rqtard ^ndering have been deter¬ 
mined, so that cotton dyers know what to avoid aid when 
not to use sulphur dyestufis. 

N. 
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Expfeence has shown that goods whicl have sul>'- 
seqiiently to be stoved, i.c- bleached by means of sti^httf 
dioxide, must not contain any material dyed with sulphur 
blacks. Tins process accelerates tendering to a surptfeing 
degree. Dyers are, therefore, accustomed to^ use direct 
cotton colours developed for this purpose. 

Expei.ence has shown, also, that sulphur blacks after- 
treated with copper sulphate are very liable to tendering-, 
so that it should never be used. This is to be regretted, 
since an after-treatment with copper sulphate beautifies 
the shade of many sulphur blacks. Investigations have 
also shown that a subsequent aftertreatmeut with bichrome 
is beneficial in reducing the danger of tendering. Warps 
are still very frequently chromed, because when using a 
twelve-box machine a chrome box involves verj- little extra*^ 
trouble. The reader naturally asks. How can one quickly 
test a specific dyeing for liability to tender? This may 
be simply carried out as follows on the lines of the stability 
test for artificial silk ; Heat the cotton in a stove for i hour 
at 140° C., remove, expose to the atmosphere till the cotton 
has r^ained its natural moisture, Idien repeat the process. 
It is always advisable to heat at the same time a piece of 
the cotton ui^yfd as a blank test in order to see t^t the 
cotton itself does not deteriorate under the conditions of 
the test. Too much stress carmot be laid on the fa^t_that 
tt is absolutely essential that the breaking strain teste of the 
various cottons tested should all contain the same amount 
of moisture. This is obtained by allowing all the various 
cottons to be4)ung side by side for 12-24 previous to 
taking the breaking strain. 

The following is abstracted from tlie published work of 
,,!6r. banker and collaboraVs dealing witli a long seri^ of 
experiments conducted with* a» view to throw light onthe 
causes of the tendering of sulphur black dyed cotton. The 
first experiments were carried out in 1913, alixr further 
results have been publisl^fd at intervals since thep. The 
ani^r Considers the work to be a valuable* contribution to 
Tfie research already carried out by other investigatscs. 
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Tlje ffletlod recommended for determining \» 4 iethfir d 
sulphur black will tender or not is carried out as 
follows 

Dyed samples of equal depth are heated for one hour 
in an oven at 140° C. The hank is then taken out and 
allowed to*lie in the atmosphere till it has taken up the 
normal amount of moisture. It is then re-hesiced for a 
farther hour to 140° C., taken out and tested. 

It is essential to carry out the work in the manner 
des<;ribed because the moisture of the atmosphere plays a 
definite part in helping the tendering. In every heat test 
a blank experiment should be made with uhdyed cotton 
yam; this should bo heated at the same time in order to 
make certain that no tendering of the cotton is caused 
»by the high temperature alone. The progressive rate of 
tendering is indicated in the following table, and shows the 
action of temperature in promoting tendering. The same 
dyeing exposed to the given temperatures took the stated 
lengths of time to re*ach the same state of tendering. 


Ordinary Roc-n .Temperature 
40-50" C. 


60° C. 
80" C. 
100° C. 

-120°C. 

• 140^^ 

160" C. 


ij year. 

10 months. 

• 

4 .. 

• i*month. 
72 hours. 

31 .. 

2 

hour 


In every case free sulphuric acid cou]^ be found in 
the cotton. 

The abovfe method of testing has been in use since 
January, 1907, and since that rite has been found to give 
reHffble tests as to the liability of any special sulphur black 
■ to cause tepderii^. 

THe^oolp'huric acid did not arise from any free sulphur 
winch might hav? fastened itself on to the fibre,* because , 
all yams beforetesting were extracted with carbon bftulj^iide 
, in irdtisAo remove all the free sulphur. 
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The ^bllowmg method is used to determine the amount 
of total sulphur present in any sulphur black :— 

Two and a half grams of the material to be tested are 
put in a beaker with 75 c.c. of bleaching liquor at 2° B., 
completely free from sulphate. The cotton is Jeft in this 
liquor until it is bleached completely white, then squeezed 
out and iAinersed in a further 50 c.c. of bleaching liquor for 
o'fie hour at 30-40° C. By this means the last trace oT 
sulphur is quantitatively converted into sulphuric acid. 
The cotton is then washed five times with boiling SistHled 
water, and the washings added to the bleaching liquor. 
The total liquor is then evaporated down and acidified with 
pime hydrochloric acid and the solution boiled in order to 
get rid of all the chlorine. The sulphuric acid is then pre¬ 
cipitated by the addition of barium chloride. 

The following results were obtained by four different 
estimations of one and the same dyed material:— 


Determination. 

S calculated as 
SO,. 

S calculated as 
sulphur. 

I. 

2-56 

I 023 

2. 

2-67 

1-070 

3 - 

265 

I 068 

4 - 

2-59 

I‘031 


The quantitative estimation of the formation of sul¬ 
phuric acid in a sulphur black dyeing was carrigrl^afc-ss 
follows:— 

The material was heated for two hours at 140° C; accord¬ 
ing to the method already described, when it was found that 
the formation at salphuric acid, even after heating one hour, 
was so considerable as to cause the yam to depreciate 
65 per cent, in its breaking strength. After the cottov 
had been heated as above, i^^as put into an excess of cajjfitic 
soda liquor i/ioo normal. The<:austic soda liquor was then 
titrated back and the amount of sulphuric ac iS w as thus 
determiq^d. 

4 s control experiment the.Gulphuf!fc apid formed was 
dsp determined by precipitation with barium chloride. The 
figines were found to agree with the caustic soda melhod. 
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By this method the following tables were reached 

S calculated as 


Detensiaation. sulphur. 

1. 0223 

2. 0227 

3. 0-229 

4. 0'227 


The amount of unchanged bulpliur still left on the fiWE 
was then determined by the bleac Wg liquor method already 
deteileS. 

S calculated as 


Determination. sulphitt. 

1. 0-742 

2. 0-700 

3 - 0731 

4- 0-743 


To show how close the total of changed by heat test and 
unchanged sulphur corresponds with the total weight of 
sulphur found on the dyeing, the following table is given :— 


Determination. 

'X'otal of changed and 
unchanged sulphur. 

Total sulphur 

I. 

* 0-965 

1-047 

2. 

0-927 

r-o»7 

3 - 

0-960 

i 1-045 

4 - 

0-970 

I 020 


^t experiipents were carried out to determine 
whether alJbger heating than two hours as already describe&» 
would convert more of the sulphur, shown to be unchanged 
by this heating, into sulphuric acid, because the above 
tables show that the proportion of sulph* which can be 
converted into sulphuric acid by heating at 140“ C. has 
'•K definite relation to the total f mount of sulphur present. 
Th» relation is i of conve^iole sulphur to 4-5 of total 
sulphur present. Dyeings -Ctere heated for 14 days to 60- 
70“ Ci,^allowing every now and again the yarn to take up 
its natural moisture. Although the yam by this treatment 
was- completely destroyed, the* total amount of^sujphur 
converted into free sulphuric acid was not increased by 
. this prolonged heating. 
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These experiments, therefore, give the definite residt 
that heating at 140® C. for two hours is sufficient completely 
to convert all sulphur in the sulphur black into sulphuric 
acid which is convertible by this method. In other words, 
the sulphur that is converted into sulphuric acidrand causes 
the tendering, is only a definite portion of the total sulphur 
(•.contents or the sulphur black. Repeated experiments hav£ 
been made with many sulphur black dyeings, and have 
confirmed the above results. 

In catrying out experiments with the actual dyestufi, 
as distinct fijsm the dyeings, great difficulty was found in 
purifying the dyestuff. The following method was carried 
out:— 

Fifty grams of commercial black were boiled in 2 litres 
of distilled water. Dilute acetic acid w'as then added 
to the solution until complete precipitation of theidyestuff 
showed itself by spotting on filter paper. The precipitate 
so obtained could not be filtered, but bj-'boiling for a quarter 
of an hour it gradualh' became thicker until washing and 
filtering was quite possible. The jyecipitate was washed 
until there was complete freedom from sulphate and chloride. 
By this method 40 per cent, pure d3'estuff was obtained 
frbm the commeltial dyestuff, and this had an ash content 
of I'4 per cent, which consisted of alkali. The total amount 
of sulphur determined in this pure dyestuff an>9Mfre?r^ 
*33 per cent. 

For a complete conversion of convertible sulphur into 
sulphuric acid, the purified dyestuff was heated at 140® C., 
till no increase 1 h The acid contents took place. In a series 
of experiments the quantity of acid formed amounted to 
8‘i per cent calculated as *ilphur. This gave a proportiotf 
of one part of convertible sinijhurto 4’i of complete sulphur 
cemtents, whicli agreed very w'eTl with the results obtained, 
by similar treatment of the dyeings, the result in that case 
being 1 te 4-5. 

In the experiments for fhe coffversion of <016 convertible 
sulphur in the dyestuff into sulphuric acid it was.jjo^eed 
that the least traces of heavy metals playq^ a very 
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part in the ease with which the sulphur was convened into 
sulphuric'*acid. If the dyestuff was purified so that there 
only remained in the ash small quantities of alkali, the 
sulphur colour had to be heated six times to 140° C. in 
order to convert the convertible sulphur completely into 
sulphuric acid. 

On the other hand, if the least trace of hea^♦>r metals, 
such as iron, was present, the convertible sulphur was coiJ* 
verted into sulphuric acid by only once heating to 140“ C. 
The‘total amount of sulphur converted was the same in 
each case. 

In order to determine the influence of salts on the forma¬ 
tion of sulphuric acid in sulphur colours, several samples 
^of purified dyestuff were mixed with sodium bicarbonate, 
sodium acetate and cream of tartar, in addition to traces 
of iron s^ts. They were heated four times for ij- hours in 
damp air to 140° C. All additions accelerated the formation 
of acid. As is already known, acid acting salts and traces 
of acid were also found to accelerate the production of 
sulphuric acid 

These results cktei?nine that the action of an after- 
treatment of sodium acetate is solely effective in ^0 far as 
it neutralizes any acid tliat is formed, but beyond this, 
the aftertreatment does not prevent the formation of sul- 
indeed the above experiments definitely show 
that it acceJKratcs the formation of sulphuric acid. 

In order to prevent a subsequent conversion of the 
convertible sulphur on the fibre into stdphuric acid, experi¬ 
ments were carried out to oxidize this sulpiMsc before dyeing. 
All experiments, ho A'ever, showed that dyestuffs which were, 
tftated in this way lost the greatest part of their valuable 
dyeiag properties. The more' srdphur that was oxidized, 
the less soluble did the djiestuff become. The important 
fact proVed, therefore, tliat the convertible sulphur in 
sulphur black dyestuffs is absolutely necessary"^ for the 
formation of a good bla«Jr. The contents of copveijible 
' smlp lmr in the sulphur black detennine the d3'eing power, 
f^liie'Slack'itself. 
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The 'chief results of this work may be sunimanzed as 
follows:— 

After removal of any free sulphur by extraction with 
carbon bisulphide, 20-25 cent, of the sulphur in a sulphur 
dyestuff exists in the special chemically active and easily 
oxidized form, and is present on the fibre in the same form. 
Owing to^its very fine state of division in the cellulose fibre 
it.is easily oxidized and catises the tendering. The remainii!^ 
80 per cent, of the sulphur can only be oxidized to sulphuric 
acid by strong treatment when the colour is cofiipletely 
destroyed. 

Sulphur, therefore, in sulphur blacks is present in three 
forms 

1. Mechanically free sulphur, which may be extracted 

with carbon bisulphide. 

2. Easily oxidizable. chemically active sulphi^ which, 

by heating the dry dyestuff or the actual dyeing 
in the presence of air, is easily converted into 
sulphuric acid. This quantity amounts to 20-25 
per cent, of the sulphur contents. 

3. Firmly combined or stable sulphur, only oxidizable by 

strong oxidizing agents, which entails the complete 
destrvet^on of the dyestuff. This quantity amounts 
to 50-75 per cent, of the total sulphur contents. 

The niechanicalh' mixed or free sulphur pla^j»«pa*t 
in the dyeing properties of the colour, nor doe^^it play any 
part in the tendering. 

Application. 

The constitution of the sulphur colours is ^till unknown, 
so that no theorj' has bem developed as to the theory oi 
dyemg. The majority o*the sulphur dj-estuffs ara, in¬ 
soluble in water and only possess affinity for the fibre when 
in the form of their leuco compounds. They may*be bjpught 
into a perfect solution by means of sodium sulphite, but they 
still have no affinity for cotton. ..They %iusj be reduced to 
the feuco compound before they possess any affinity for-the 
fibre. This may be accomplished by alkaline fSflucii^ 
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agents, but tiie one universally used is sodium sulphide, 
owing to its extreme suitability coupled with its cheap 
price. There are two qualities of sodium sulphide used in 
practice : sodium sulphide crystals and the quality known 
as concentrated or “ rock ” sulphide, which is double the 
strength of the crystals. 

Storage. —Sulphur dyestuffs should be stored^in a dry 
plkce and carefulty covered after any colour has been draw^ 
as they deteriorate rapidly if allowed to become damp or 
expoeed'to the atmosphere. 

Apparatus. —Brass and copper fittings must be sub¬ 
stituted by iron or lead fittings owing to the tiction of the 
sodium sulphide on the copper. 

Dissolving. —The best way to dissolve sulphur dye- 
^fetuffs is to stir the dyestuff along with soda ash into a smooth 
paste wi^ cold water, add the sodium sulphide, pour boiling 
water over the paste whilst stirring. Put mider a loose 
steam pipe and bod 5-10 minutes. The object of stirring 
the colour into a paste with soda ash before adding the 
sulphide is as follows: should the colour liave become 
slightly acid, the ‘^odsf ash neutralizes this and does not 
allow the acid to act on the sulpiride, whereas if the 
sulphide and soda ash are added together^ tfee acid attac|fs 
the sulphide in preference to the soda ash. This means 
fjra 4 «al deterioration of the condition of the dyebath, 
and I hav^met many instances in actual practice due to 
the above reason. The above method of dissolving is 
undoubtedly the best, but it must be admitted that in many 
dyehouses the dr)' colour, sulphide andjflig. ash are thrown 
into the dyebath dry and dissolved by boiling the bath up 
^or ten minutes. The d^ee ^ solubility of the sulphur 
dygstuffs varies considerably “according to their method 
of manufacture, because .Jifie finished product in some 
case^ conttins a little sodium sulphide, wlulst others contain 
none. * The amount of sodium sulphide required for each 
individual colour Inay b/j detqjrmmed by experifiaent, but 
tlje colour manufacturer usually saves the dyer tlfe t^buble 
of dd^lnnining it. 
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Theisulphur yellows are easily,the most insoluble of the 
sulphur dyestufis: fecial care should be taken in dls* 
solving them or else the true value of the colour is nev« > 
obtained. It is of the highest importance to dissolve 
sulphur 3’'ellows in a ver}’ concentrated solution of sulphide, ■ 
therefore the method recommended above should be used. 
It is uo%use throwing the drj’ colour into the dyebath, 
ifcause proper value will not be obtained that way. Hie 
nost certain wa}'—though not absolutely necessary—^to 
lissolve the sulphur yellows is to stir them into*a paste 
vith their own weight of caustic soda, then to add the 
iulphide and*hot water. 

Cotton. —The affinity of the leuco compound of the 
ulphur dyestuffs for cotton is not very great, but it is made 
[reater by the addition of common salt or (llauber’s salt,^ 
vhich helps to exhaust the dj^bath. Commoi} salt is 
nost frequently used, but Glauber’s salt is preferred by 
ome dyers, particularl3^ when dyeiqg tine yarns. The 
lyebaths are not exhausted, even when salt is added, so 
.hat baths are worked continuoush' in order to avoid running 
colour down the drain. In actual ^nactice. therefore, the 
dyebaths»are kept what is termed standing, i.c. the dye- 
lifluor is not run-off after each dyeing, but retained. Such 
dye-liquors equire less dyestuff than a new bath, so that 
dyestuff i, economized. There is a limit to the^engtfe-ol 
time a sulpliur black d\'ebath should be kq^wstanding, 
naturally depending on the nuuilier of dyeings ])ut through : 
such a dyebath should not be keiit longer than three months 
without letting ^ft^and cleaning out. I have met a bath 
which had been kept for two years without letting off, with 
the result that the dyeing were very dirt3', due to th<> 
accumulation of dirt during that jjeriod : it must always 
be remembered that each dye*ng of cotton leaves a certain 
amount of dirt behind in the bath. Since, hoteevei^ the 
average dyehouse has not sufficient cisterns to reserve one 
for each Solour, the usual iifsult js that^ulpiiur black'dyey. 
bath? only are kept standing. 

The method published by the author {‘'Dyer aa^Ja^ 
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Printer,” 1916, p. 50) for exhausting baths of sulphur fblotirs 
shotdd therefore be borne in mind. Dyeing experiments 
showed that the addition of ammonium sulphate, chloride, 
formate, acetate, or the corresponding amount of free acid 
"to a sulphur ^lour dyebath exhausted the dyebath. The 
following tests illustrate the method. Prepare two baths 
as follows:— 

Bathi. - Bath 2. 

18 pel ceht. Cross Dye black 12 per cent. Cross Dye black 
BX. BX. 

18 per cent. Sulphide cone. 12 per cent. Sulyjiide cone. 

5 per cent. Soda Ash. 5 per cent. Soda Ash. 

60 per cent. Salt. 60 per cent. Salt. 

iinter the yarn into the boiling dyebath, work half an hour, 
add 5 per cent, ammonium sulphate to bath 2, work fifteen 
minutes longer. The results will be found to be equal in 
depth of shade, showieg that bath 2 is completely exliausted. 

The amount of ammonium salt or free acid added must 
be so regulated that the bath remains alkaline throughout. 

Loose Cotton.—The dyeing of loose cotton with sulphur 
colours is carried out on an extensive scale owing to»the ease 
with which shades fast to light and milling suitable foe 
mixture with wool and shoddy for cheap suitings, etc., can 
B? oBfeinei For thi^class of work the redder shade sulphur 
blacks are^d, not the brighter and greener shades, whiclf, 
are used for fine yarns and pieces. The applicatjon is 
extremely simple. A boiling cistern is prepared with the 
requisite colour, sodium sulphide and s»i««ash. The bath 
is well raked,‘the cotton throrvn in and boiled under. The 
dbnunon salt is added, and polging continued for half an 
hour* then the cotton is allo^'ed to feed in the simmering 
bath for at least half an h<Jur, when, unless the cistern is 
required) shut off steam and allow the cotton to feed in the 
cooling bath. In tjje case of blacks, the work is so^arranged 
that two lots aie worked ilirough in the 24 hours—onj lot 
behig out in at the end of the day, and taken out first thir^ 
“"ISflhe mcffning, anotlier lot put in straightaway and talon 
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out inttime to get the lot in for the night. Seeing that the 
one done in the daytime is not so long in the dyebath as the 
one left overnight, some dyers, if working on a lo per cent, 
standing bath, charge the bath with ii per cent, in the 
morning and 9 per cent, in the evening, so as ,to balance thr 
longer time in the bath of the one left overnight. A consider¬ 
able ecofjomy in colour and labour will be effected if a tank 
§tted with an ejector is placed under the dyebath into wEch 
the colour may be run after dyeing. The first rinsing may 
also be run into the supply tank. If the dj^ebafh is also 
provided with a valve leading into the drain, the cotton 
may be washed and aftertreated without removing it from 
the cistern in which it has been d5'ed, thereby saving time 
and labour. 

The following quantities are typical of a dyebath for 
ioose cotton:— 

1st Bath. 2nd Bath. 

t5 per cent. Sulphur black. 14 per <?tnt. Colour, 
tfi-fio per cent. Sodium Sul- 14 per cent. Sodium Sulphide 
phide cone. cont. 

5 per cent. Soda Ash. 2 p& cent. Soda Ash. 

30 per cent. Common Salt. 40 per cent. Common Salt. 

yd B^k. ^ Standing Bath. 

[3 per cent. Colour. 12 per cent. Colour. _ 

:3 per cent. Sodium Sulphide 12 per cent. Sodjjtdh Sulphide 

cone. cone, 

ii.npj cent. Soda Ash. 2 per cent. Soda Ash. 

»ach a dj'Tit. Common Salt. 10 per cent. Common Salt, 

without letting 

which had been kept kthat 15-30 per cent, sodium sulphide 
the result that the dyeing It is a good practice to give the 
accumulatioii of dirt durinde in the first bath so as to ensure 
be remembered that each solution, 

amount of dirt behmd in thJdcs are first boiletl ou^ witU 
average dyehouse has not suffi^st carried out in an ordinary 
for each Colour, the usual insult 'f, hot a^ailalele the bundles 
bathS only are kept standing. bags and boiled 8-10 hqurs 
. The method imblished by the aPg is specially ndCfessaafy 
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when dyeing file" twofold weft yarn. For yarns the ^eener 
and br%hter sulphur blacks are used, except in cases of 
backing yarns for which weight rather than beauty of shade 
is required. Yarn does not require so much colour as loose 

-ifotton, so that the dyebaths are charged as follows :— 

• 

ist Bath. 2nd Bath. 

10 ^r cent. Sulphur Black. q per cent. Colour. 

10 per cent. Sodium Sulphide q per cent. Sulphide cone, 

cone. 

5 pe* ceht. Soda Ash. 2 per eent. Soda Ash. 

40 per eent. Salt. 30 per cent. Salt. 

yd Bath. Standing Bath. 

8 per cent. Colour. 7 per cent. Colour. 

8 per cent. Sulphide cone. 7 per cent. Sulphide cone. 

2 per cent. Soda Ash. 2 per cent. Soda Ash. 

20 per cent. Salt. 10 per cent. Salt. 

In the early days of sulphur colour dyeing on yarn bent 
sticks were used in oiider to prevent oxidation of the colour 
on the yarn. Nowadays straight sticks are practically 
always used. The yarn is entered into the hot bath, 
given two turns, steam is turned on, and the yarn worked 
for J-i hour at the gentle boil. As previously* stated, 
Glauber’s salt is preferred to common salt many dyers* 
especially for fine yarns: which to use must be decided by the 
’ mdivlSual ^er according to the class and quality of work 
required. Fot fine yams and hosiefy the best results are*, 
obtained by using no salt whatever, but a lai^er percentage 
of dyestuff is required. 

Co**on Warps. —Owing to the fact Uwl^ulphur colours 
will withstand the crabbing, steaming, and boiling with 
aSids to which many warps arefeubjected, they were im- 
medidtely largely adopted for ^is class of work. 

Before dyeing it is adviSible to boil out the warps in 
a bofling machine as follows :— 

ist Box.—Col#caustic soda^liquor, 10-15° 

2nd and 3fd Boxes.—Boiling water. 

0 ti Box.—Cold running water. 
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In the dyeing machine the colour boxes afeJcharged with— 

« 

2 lbs. sulphur black I 

11 lbs. common salt j 

Subsequent dj'eings require the addition of— 

6 p^f cent, sulphur black 1 

6 per cent, sulphide cone. I Calculated on the weight 

1 per cent, soda ash / of warp. 

2 per cent, common salt j 

In accoi^ with the tendency of all dyeing operations to 
increase production and save time and labour, large warp 
machines containing twelve boxes are used, in which it is 
possible to dye warps a full black at one run. 

The boxes are arranged as follows :— 

boxes 1-4 contain boiling colour. 

,, 5-6 „ running water. 

,, 7-8 ,, chrome (if necessary). 

,, 9-n ,, running water. 

„ 12 ,, dilute sod*i, soap or ammonia. 

When dyeing in the long machine the colour is not all added 
Jo the dyebatt qj; the beginning, but in the following manner : 
The first boxes are filled with colour solution mixed in the 
proportions previously given. The chrome boMs are'filled *’ 
•with the necessary liquor, and a thread or h^!^ is tied on 
to the string, which is then run through the machine. If the 
hank or thread is full enough the warps are tied on, and the 
machine is startefi_ Running off is prevented by feeding 
in stock solution from an overhead tank. The stock liquor 
is made up as follows 

100 lbs. blaqjc. 

100 lbs. sulphide cone. 

60 lbs. common salt. 

25 lbs. soda ash. 

100 gallo]^ of w{iter. 

If the stock solution is made up in this way eacl^^illon 
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<rf liqvior will *piesent about i lb. of colour, and thus the 
amount of colour added may be easily regulated The 
speed of the long machine should be so arranged that any 
given point on the warps is in contact with the dye-liquor for 
3-3J minutes. Wlien dyeing sulphur colours in a warp 
machine it is»advisable to have the top rollers fixed below 
the level of the liquor—all fear of bronziness and unevenness 
is Uien avoided. The fittings, bearings, steam c 441 s, etc., 
must all be made of iron, as copper is attacked by sodiufn 
sulphide.* 

Piece Goods. —Sulphur dyestufi's are successfully dyed 
on piece goods on an ordinary jigger, a jigge^, fitted with 
nip rollers, or on the continuous dyeing machine, though 
the latter is only suitable for big runs of one colour, usually 

hi^ck. 

For piece goods the greenest and brightest sulphtu: 
blacks are used, because all sulphur blacks redden under 
the finishing process. The pieces are first boiled out with 
soda ash, to remove %ize, etc., and are then batched on to 
the roller. 

The dyebatli is churggd with— 


2 lbs. sulphur black 
2 lbs. sodium sulphide cone. 
I lb. soda ash 


per 10 gallqns liquor. 


%en— 


6-8 per ceiy. colour 1 

6-8 per cent, sodium I Calculated on the weight .of 
sulphide cone, f the pieces. 

2 per cent, soda ash j 

The pieces arJ given 6-8 ends in the simmering bath. The 
^estuff is not added all at once, Ait half is given at one end, 
th en Ihe remaining half at tl^e second end. The addition 
of salt whep dyeing sulphur \)lacks on pieces is not recom- 
because it reddens the shades considerably, and 
there is a tendency ior tJi,e selvedge to bronze whan salt is 
present. Cotton pieces wfth wofsted border must be dyed 
cold'^leave the wool white, and glue added to the dyebath 
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to preprve the wool from injury as pei* the following 
recipe;— 

First Bath. Standing Bath. 

12 per cent, sulphur black. 8 per cent, sulphur black. 

8 per cent, sodium sulphide 5 per cent, sodium sul: 

cone. phide cohe. 

12 per cent, soda ash. jj per cent, soda ash 

i’ per ciut. brown gum. | per cent. glue. 

K. per cent. Glauber’s salt. 8 per cent. Glauber’s salt. 

The recipes given above have all related to sulphtir blacks, 
but the sulphur blues, greens, etc., are all dyed on the same 
lines, though the colours, apart from blacks, are used in 
varying percentages according to the shade being dyed. 

Machine Dyeing. —One modern tendency of the dyeing 
industry is the increasing adoption of machines to dye cott^l 
in all its various stages, whilst the machines are continually 
being increased in size, e.g. machines are now obtainable 
wliich ■will dye one ton of raw cotton at a time. The 
principle of dyeing is the same, though great care must be 
taken to see that the colour is perfectly soluble, so that it is 
usual to increase the amount of sodium sulphide when dye¬ 
ing in piachines. Moreover, since less liquor is usually 
employed in /nachine dyeing the quantity of salt added is 
considerably reduced or completely omitted. 

AFTERTRE.4TMIiNT OF SuLPHUR DyES^FFS. 

The following methods of aftertreatment One frequently 
used in conjunction with the sulphur dyestuffs. 

Topping wjJjJ^Aniline Oil. —This method is confined 
to sulphur blacks, and is used to obtain a sjiade of black 
which is denser than the sl^ade obtainable with sulphur blaclts 
alone. Moreover, the blacks so obtained are faster to nplling, 
wliilst the cotton is also weigHted by the process. 

The following recipe will be found to give good results, 
though it may be varied within wide limits, thus the Quantity 
of anilint, etc., may be increased se-as tdyield a darker shade. 

1fhe*bath is made, up as follows : 8 per cent, bichxome 
is dissolved in boiling water and added to the cold dysbath. 
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next 4 per ceift. iron liquor, then 4 per cent. D.O.V^ finally 
4 per cent, aniline oil, and 4 per cent, spirits of salts, pre¬ 
viously mixed together in a bucket, along with a little water 
to keep down the fumes. The bath is stirred up, and the 
cotton dyed with sulphur black is entered, worked half an 
hour cold, rateed up to 195° F. (90“ C.) in half an hour, lifted 
Q?it, and well washed oil. 

.Aftertreatment with Metallic Salts. -The two salt: 
used arc bichrome and coi)per sulphate. The former 
improves the fastness to milling, whilst the latter improves 
the fastness to light, but must not be used with sulphur 
black for reasons already stated. The two salts are fre¬ 
quently used in conjunction with each other. The method 
is carried out as follows 

A fresh bath is charged with— 

x-3 per cent, bichromc. 1-3 per cent. 1 ).(J.V. or 

1-3 per cent, bichrome. 1-3 per cent, acetic acid or 

1-3 ijer cent, bichrome. i jjer cent, copper sulphate. 

2 per cent, acetic acid. 

Work the cotton ni t i,e .above for half an hour at 140° F 
(6o“C.). ^ ■ 

Cotton aftertreated by any of the above niethods mitsl; 
be thoroughly washed to remove every trace*of arj d. To 
jnake certain of this 1 lb. soda ash may be added to the 
last wash water. 

Aftertreat\pent with Peroxide. — This method of 
aftertreatment is usually confined to the sulphur blues,' and 
has the effect of considerably brightening the shades. ' The 
operation must be carried out in a wooSen vessel. Ten to 
twenty per cen't. hydrogen peroxide is required according to 
the depth of shade; the bath must oe made just alkaline with 
ammonia, excess of ammonia nvjst be avoided or the evolu¬ 
tion of oxygen is too rapid. Work tlie dyed cotton half an 
hour in thcocold bath, then rinse and soap hot. 

Sodium perborate,will rive the same effect. 

Softening or Oiling. -?After Syeing the cotton is* some- 
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foUows ( 100 lbs. palm oil are melted in an ir<»i pan, I3 lbs. 
caustic soda, 90° Tw., are added, and the mixture is weh 
stirred, covered up and left overnight, the heat being usually 
suffieient for saponification of the oil. When saponification 
is complete a sample should emulsify completely in water, 
without any oil separating on the surface. Ten per cent, of 
the abov^ is applied to the cotton in a bath at 140° F. (60° C.), 
when the cotton will ] tactically absorb all the oil, malrng 
it much softer to handle; the shade of the black is also 
improved thereby, due to the removal of any bionziness 
there may have been present. 

Topping with Basics. —Sulphur dyestuffs possess a 
great affinity for basic dyestuffs; in fact, they may almost 
be said to act as a mordant for them. The resulting shades 
possess quite a good fastness to washing. This process H 
therefore frequently used for beautifying sulphur colours. 
Since the war this process has been the means of enabling 
millions of yards of navy blue to be dyed, which the trade 
would otherwise have been unable t 5 dye due to lack of 
dyestuffs. The navy blue for miuiilion workers’ overalls 
has been dyed by topping a medium shade of sulphur black 
with methylene blue and methyl violet. The operation must 
be carried out, carefully, because the sulphur colours have a 
strong affinity lor basic colours, which consequently have 
a tendency to rush on tmevenly. The dyed cotton must be,, 
ithoroughly washed in,order to remove the alkali and sul¬ 
phide as completely as possible. Charge thf; cold topping 
bath \vith 5 per cent, acetic acid, work the cotton in this, 
then add the r equisi te colour and gradually raise the tempe¬ 
rature of the Taffi until the colour is exhausted. The 
bath must be kept acid, throughout the operation: this 
point should be watchea carefully, because if the cottSn 
has not been thoroughly wasfied the sulphide may oth^-ise 
act on the basic colours. 

general NgTES(, 

^ulpliur dyestuffs dyed on cotton usually become l^ighter and richer in 
tone on keeping, due to oxidation by the atmosphere. Blacks, bltihe, and 
greens all become brighter on keeping. This makes matching to " 
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^fficnlt becaust^^t is impossible to match a shade dyed. say. three month*, 
^with sulphur colours with a dyeing straight out of the dyebath. The ■ 
^ me^ of overcoming this difficulty is to submit a small cutting of 
«ie dyed shade to hot bichromc before matching ofi in order to imitate 
as far as possible the slow oxidizing action of the atmosphere. 

In dyeing with .sulphur blacks a white scum often collects on the top 
,of the hquor, and causes trouble by attaching itself to the cotton, malriug 
white marks. "This white scum is due to finely divided sulphur, and its 
■ ap^rance may be removed by adding sodium .sulphite to the dycljath 
wluch dissolves the sulphur. Any goods which show these <iirhito marks 
can be immediately put right by treating with hot sodium sulphite. Many 
people have expressed the fear that this would cause tendering. This 
fear is pe,rfectly groundless, because this sulphur has no influence at all 
on the tendering. 

One of the commonest occurring faults is bronzing of shade, particularly 
in sulphui blacks and blues. This may be caused in thc*loUowing ways, 

I. Faulty manipulation or excessive delay between lilting the material 
out of the dyebatli and washing off, e.g. letting unwashed material lie 
iSu"'ng dinner hour. 

*. Excess of colour on the material through having too strong a dye- 
bath. so that the fibre becomes overloaded with colour. 

3* Shortage of sodium sulphide so that the colour is not completely 
reduced, but only dyes on the surface of the material and therefore is 
quickly oxidized in contiict with the atmosphere. 

This bronzincss is most easily removed by treating the cotton with 
oil emulsion as dc Uil< d in :ler " Softening.” If the use of nil is objection¬ 
able for any particular govtd.s, hhen a boiling soap or strong sodium sulphide 
bath is the nc.xt best remedy. • 

A grey and lifeless .shade will result, even after ample colour has been 
added to the dyebath, if the bath is out of condition.* * * 

Uneven shades, unless verj’ pronounced, may be corrected by treat- 
...tnent with a warm sodium .sulphide bath : if this is not sufficiently effective, 
the shade should be bleached down, because sulphur dyestuffs are veru 
sensitive to bleaching. ' • 

Mercerized coVon on being dyed witli sulphur dyestuffs loses a good 
deal of its lustre. A subsequent aftertreatment with a mixture of three 
pMts good quality soap and one part olive oil emulsified with auunonia 
will be found to restore the lustre to some extents ‘ ■ 

Idnen, jute, hemp arc dyed with sulphur colours on the same lines as 
cotton, though special care is required t| see that the fibre is well pene- 
trated. Artificial silk is dyed on the lines of cotton, but the temperature 
of the’dyebath is never taken abov^ 140“ F. (6o* C.), whilst less salt is 
required owing to the increased affinity of artificial .silk for dyestuffs as 
compared with cotton. 

In Order Ao avoid using an excess of salt in a standing bath the liquor 
. shool^ be tested cold bv mea,ns of a hydrometer, the bath Should not 
ngister more thaq 8-iz° Tw. ,Should»a bath register more than this, 
salt should be omitted till the density of the bath has been reduced to 



SEOTipN IX.—INDIGO AND OTHER VAT 
DYESTUFFS 

The vat dyestufis from the point of view of the dieniisj-. are 
classihed into three groups, viz.:— 

• 

Anthracene Dyestuffs, Chloranthrene Blue. 

Indigoid Dyestuffs. Indigo, Tliio-Indigo. 

Sulphide Vat Dyestuffs. Hydron Blue. 

This class includes the fastest coal tar dyestuffs at present 
known, though it is necessar>- for the reader to realize that 
if a dyestuff belongs to the vat series it is not necessarily 
possessed of the same fastness as the Vest members of this 
class. There are degrees of fastness amongst the vat 
dyestuffs just as there arc in every,class of dyestuff : some 
vat dyestuffs are fugitive to light and poor to washing and 
^teeping in col(j water, so that preliminary tests should always 
be carried out bmore adopting them on the big scale. How¬ 
ever, certain members are of extraordinary fastness to lights 
^Jaoilmg soap, washing, and chlorine. Picked dyestuffs of 
this series are the colours which are used in j^ie guaranteed 
cloth^ such as casement doth, blouse and shirt fabrics, and 
handkerchief cloth, which the makers sell under guarantee 
of replacement,*^ Tiie colour fades or bleeds. Such cloths 
were becoming before th| war quite a feature in textiles, 
particularly for export to countries where the sun is very 
]rowerful, so that fugitive colours are useless. The American 
market was taking these colours up ver>’ strongly, whilst 
there is no doubt that a larger trade will be built up in this 
class of* fabric when the public ,have 'become educated to 
thSr v?Jue. Up to the present* these dyesftuffs have .been 
very expensive and difficult to dye, but comnetiti on A nd 
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improved manufacturing methods may be expicted to 
gradually reduce the price and to improve their dyeing 
properties from the point of view of levelling and penrira- 
tion. 

The vat dyestuffs, with the exception of indigo and woad 
(long since superseded by indigo), are of very recent manu¬ 
facture. The first representative indanthrene j/as intro¬ 
duced in 1901. They find most application on the vegetable 
fibres because their application on wool—with the exception 
of indigo—has hardly passed beyond the experimental 
stage. 

On cotton it may be said in general that the anthracene 
vat dyestuffs are the fastest, followed by the .sulphide vat 
dyestuffs, whilst the indigoid vat dyestuffs are the least 
On the contrary, the indigoid class do not present the 
same difficulties in their application as do the anthracene 
class. 

All the vat dyestuffs are insoluble in water, and only pass 
into solution when they are reduced to their leuco compounds, 
which are fr^'cly soHiblc in alkali. The material is im¬ 
pregnated with the alk.'iiiue solution of the leuco compound 
of the dyestuff, which regenerates the dyestuff on ’exposure 
to the atmosphere by oxidation, and thus precipitates it on 
the fibre. Dyeing with vat dyestuffs is not dyeing in the 
"same sense as dyeing, wool with acid .dyestuffs is dyeing, in 
that there is,no chemical combination of the dyestuff witH, 
the fibre, butlli deposition of a pigment dyestuff in the fibre. 

Indigo, which is the most important representative of 
the vat dyestuffs, is most probably »thc oldest dyestuff 
known to map. It has been rightly described as the king of 
dyestuffs and is firmly rooted in ffue estimation of the public 
as synonymous with fastness. Formerly indigo was solely 
obtained from the indigo plant, but synthetic indigo has 
been on the market since 1897, and it had practically ousted 
the nalruSl product when lyar broke out. Thf: manu¬ 
facture of indigo synthetically han had as a natural %equspce 
th^ .production of the various halogenated indigos, which are 
the market. 
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Indigp is dyed on cotton and wool, also to a fimited extent' 
on silk: it is applied according to the same principle by 
which it has always been applied, i.e. it is reduced to form 
a vat in which the material is dipped and the colour regene¬ 
rated by exposure to the atmosphere. 

Two general methods are employed for producing an 
ind^o val;:— 

, I, Reduction by fermentation. 

3. Reduction by chemical reducing agents. 

The first method was universally used until compa^atwely 
recently, and it is still used in the East, but its use in Europe 
and America' has been largely discontinued in favour of 
the more advantageous chemical vats. 

The chemical principle involved is extremely simple. 
Indigo (which is insoluble in water) combines on reductj^i* 
with two atoms of Itydrogen to form a colourless leuco 
compound, termed indigo white, which reacts like a weak 
acid, whose alkali salts are soluble in water. It is necessarj', 
therefore, for an indigo vat to be alkaline in order to 
have the indigo white in solution, and capable of being 
absorbed by the fibre. The practical application of indigo 
necessitates a long experience of big-scale working in order 
tff become efficient at it. For the details of the various vats 
now to be described I am largely indebted to Badische’s 
book on indigo. 

Wool,. 

Indigo on wool is the standard of fastness for blues on 
wool. It is used-in^large quantities for naval and military 
(before the universal adoption of khaki) uniforms, but the 
main consumption of indi|;o is for the dyeing of vegetable 
fibres. On these fibres it is not as fast as on wool, noi is it 
as fast as the best of the modJhi vat dyestuffs. 

There are only two vats which come into consideration 
for wool 4 yeing as far as Great Britain is concemeS 

j. TJie Woad Vat (fermfntaticpi). 

2. The Hydrosulphite Vat (chemical). 

In both vats the controlling factor is alkali. If ’mint 
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of a^ali IS present the wool may easily be deteriorated, in 
addition to which exce^ of alkali prevents the wool from 
absorbing the indigo white, thus making the dyeing of 
dark shades difficult. A shortage of alkali reflects itself 

the poor condition of the vat owing to the indigo white 
not being ili proper solution, whilst the resulting shades 
both scour and rub badly owing to the indigo being ab* 
sodied too quickly and deposited on the surfSce of the 
fibre only. 

^n comparing the two vats it must be remembered that 
the fermentation vat is probably the oldest known dyeing 
process, whilst the hydrosulphite vat was patjnted in 1871 
by Schutzeuberger and I^alande, the British rights of which 
were bought by Read Holliday and Sons, Btd. The produc- 
tjon of sodium hydrosulpliite in solid form has enabled this 
vat Vu be 'obtained free from sediment, so that it may be 
successfully used in machine dyeing. This vat has sup¬ 
planted the fermentation vat in the majority of dyehouses 
in Great Britain, though it has not been so largely adopted 
on the Continent. Its great advantages are freedom from 
sediment, which a\ oidP the loss of time waiting for it to 
settle, and thus enables the vat to be worked more fre¬ 
quently, so that a greater output per vat obtained. No 
time is lost between setting the vat and working the same, 
^ whereas a fermentation vat cannot be worked till three days 
after it has been sef. Again, the hydrosulphite vat (fr^ 
from zinc) is che only vat in which there is no loss of indigd 
due to over-reduction. 

Fermentation Vat.—The fermentation vat, which was 
most commonly used in Great Britahf was the woad vat, 
which requires much practical e^cperience and a great deaf 
of attention to keep it in good condition, and to avoid loss 
of indigo. Such a vat maj' be worked for nine months 
before it h necessary to exhdust it and run it off. 

The fellowing recipe is for a dark blue, though it may 
naturally be varied mthin widejimits, owing to tile nature 
of the vat 
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Capacity of vat .. .. 2500 gaKons 

IMgo, 20 per cent, paste .. 60 lbs. 

Woad.500 lbs. 

Bran.30 lbs. 

Madder .10 lbs. 

I,ime .. .. .. .. 12 lbs. ^ 


Heat the water up to 140° F. (60° C.), and add the crushed 
woad, which is stirred at intervals until thoroughly soaked 
or* left overnight. Add the indigo, madder, bran and lime, 
and stir thoroughly, after which the vat is covered ^ver 
to prevent loss of heat and access of air, till fennentation 
sets in. Thi^ will take place in 12-16 hours. When fermen 
tation sets in the blueish-red colour will change to green, 
and the vat will smell sweet. The vat is well stirred and 
slaked lime is added in small quantities at intervals, 
liquor clianges from green to yellow, with a bronzy “Scum, 
termed flurr}-, and the sweet smell changes to a sharp one. 
The vat will be ready for dyeing in two to three day.s from 
commencing to set it. When it appears to be ready, test 
it by dyeing a small quantity of wool in it. This should 
appear greenish-yellow on taking o^it of the vat, and will 
slowly tipi blue on exposure to the air. On being scoured 
it should not lose much colour. Until the vat has become 
seasoned too miR;h wool must not be worked through it. 
When it is in proper condition the vat is stirred up first thing 
in the morning, and sharpened with lime. After the sedi- 
Inent has settled dyeing proceeds 2-3 hour^, when it is 
again ctirred up, sharpened, :illowed to settle, and dyeing 
continued a further 2-3 hours. Dyeing is then stopped for 
the day, the vat is ttc.+ed uj) to 120° F. (50° C.). Indigo, 
kwoad and bran are added, and the fermentation regulated 
by addition of lime and the vat covered up for the night. 
Next morning the vat is stirre^J up, lime added, if necessary, 
and the above procedure gone flirough. 

The temperature of the vat should not be allov,’edF to fall 
below ifo° F. (45° C.), otherwise tht fermentation may 
became ‘too sluggish. Too actSW fermentation may. be 
regulated by addition of lime, too sluggish fermentatjfljys 
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accelerated by addition of bran. Excess of lime produces 
duller shades of blue. 

The soda fermentation vat is preferred to the woad vat 
on the Continent: treacle is used in place of woad, and soda 
in place of lime. 

Hydrosrtlphite Vat. —The In-drosulphite vat was intro¬ 
duced by Schutzenberger and Lalande in 1871. For this 
process the hydrosulphite was made by the additfon of zinc 
dust to sodium bisulpliite, so that the vats gradually accu¬ 
mulated a sediment of zinc, which destroyed some of the 
indigo. The alkali first recommended was lime, followed 
later by caustic soda, which latter had the advantage of 
reducing the amount of sediment in the vat. The introduc¬ 
tion of sodium hydrosulphite in stable powder form by the 
;^^<|ische coni])any further facilitated the ease of working 
this Class of vat, since it completely eliminated zinc from the 
vat, with the result that the modern hydrosulphite vat is 
the only vat in which 110 loss of indigo occurs. Ammonia 
has been added to the alkalies used for dissolving the indigo 
white, so that \'ats may now be obtained perfectly free from 
sediment, wliich all.ws.the size of the vats to be reduced 
considerably. The hydrosulphite vat is a chemical vat in 
which the action of each ingredient is defiipl^Iy understood, 
so that the vat is under closer control than is possible with 
’a fermentation vat, nor does it require the same personal 
attention. The absence of sediment enables the vat to be^ 
set and used ^e same day, wliilst all loss of time waiting for 
the sediment to settle is avoided, so that the possible pro¬ 
duction from the vat is much greater. 

Unlike the fermentation vat, th^udigo is not reduced 
in^ the actual working vat, but rf concentrated stock vat is* 
mad^ from which definite quantities of ready reduced 
indigo may be measured to replenish the working vat. 

■ Bisull^ite Zinc-Lime '^at.—Tliis vat has the largest 
sediment^f any of the hydrosulphite vats, but nothing 
comparable to that^of a.fermeijtation vat. Owing to^the 
presence of zinc in the vat*, there is always a certaifi loss of 
in^^. The stock vat is prepared by mixing in a cask— 
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20 lbs. indigo, 20 per cent, paste. . 

1 gallon water. 

2 gallons milk of lime, 20 per cent. 

The above should be intimately mixed together—the finer 
the state of division of the indigo the easier is it reducei^ 
—mix in a separate vessel 2J gallons sodium bisulphite, 
57” Tw., with 2 lbs. 2 oz. zinc dust when heat is generated, 
aqji the c^haracteristic smell of sulphur dioxide disapperfts: 
if the smell does not complete!},- disappear then more zinc 
must be added till it does. This process is term^ “.kill¬ 
ing ” the bisulpliite. When the bisulphite is killed, it is 
added to the indigo paste along with I2i gallons water at 
150° F. (65° C.), stirred till the paste is thoroughly mixed, 
covered over and allowed to stand 2 hours, or better still 
overnight, when it will .be reduced ready for irr^.i6il~r 
working vat is heated up to 120° F. {50'’ C.); take but the 
oxygen in the water b>- adding | gallon killed bisulphite, 
add the requisite amount of stock vat. stir up, allow the vat 
to settle, theu proceed to dye in the normal way. 

The liquor should appear greenish-yellow; a green or 
blue-green colour shows the vat is short of killed bisulphite: 
a bright* yellow colour shows the presence of too much 
alkali. The vat, is kept in condition by the addition of 
killed bisulphite and lime after it has been replenished from 
the stock vat. The vat should not be worked longer than • 
^hree weeks before it ie exhausted and run off. This vat 
is very largely used in Great Britain. ( • 

Owing to the use of lime as the alkali the wool must 
finally be soured o^ then thoroughly washed to prevent 
^the w’ool taking up a uStsH feel. 

Hydrosulphite Soda IVat.— This vat is the same ip 
principle as the bisulphite-zinc-lime vat, except that caustic 
soda is used as the alkali and Ijje ready-made hydrosulphite 
powder is used as the reducing agent. It follcJWs, there¬ 
fore, tha| tliis vat is free from sediment, but It biWes 
thejdyer to be very careful to avped excess of caustic soda, 
which would have a verj' detrimental effect on the wooh 
Stock Vat.— 15 lbs. indigo, 20 per cent, paste, is diWed. 
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Witt 3 gallons hot water, to which is added 3 pints caustic 
SO I 77 Tw., and the whole thoroughly mixed, tten add 
gradually 3 lbs. hydrosulphite powder: maintain the mlx- 
ture at 140“ F. {60° C.), when the indigo should be reduced 
in ^If an hour. The working vat is heated to 120° F. 
v 50 C.), andthe oxygen taken out of the water by addition 
of I quart ammonia (17 per cent.), and 5 oz. hydrosulphite 
ponder. Add gallons glue solution, 10 per ?ent., and 
finally the requisite quantity of the stock vat. ^ 

IJydJosulphite Ammonia Vat.-This vat is the latest 
vat to be introduced, and is perfectly free from sediment. 
Ammonia itself is almost incapable of dissolving indigo 
white, but it was discovered by Meister, hucius and Bruning 
that indigo white was not precipitated in the presence of 
fint assumec^ a colloidal form, which 
possess a great affinity for the fibre. For use in this 
a specially reduced indigo was marketed, which consisted 
of indigo white plus ammonia and a minimum quantity of 
fixed alkali. The dv\r is, therefore, saved all the trouble 
of reducing the indigo and simply measures a given quantity 
out of the cask. The, ;ommercial names of this form of 
indigo were indigo MLB. vat i and indigo solutioii BASF, 
20 per cent. 

A working vat is set as follows. For a vat of 600 gallons 
heat to 120° F., then add i J-3 pints ammonia (17 per cent.), 
and two gallons glue solution (10 jier cent.), finally 2-^ 
gallons of th^ special indigo solution and 2J-5 lbs. hydro¬ 
sulphite powder. After complete stirring the vat will be 
clear and of a greenish-yellow colour. Wool when it is 
taken out of the vat should appear4)8!?green. 

^ This vat should not be run pnger than a week. Two* 
quar^ of glue'Solution (10 per cent.) should be added twice 
during this period. 

GENERAL NOTES FOR WOOL. 

It is absolutely tssenlfa! tha^^the wool—in whatever form it is dyed— 
should be perfectly free from '«reasc, ot else bad re,sults are sure ts be 
obtaii^, particularly from the point of view of rubbing. 

tSwboniZfd wool must be thoroughly neutralized with soda before being 
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dyedrOr else the acid on the wool will completely Bps<: the condition ol 
the vat b5' neutralizing the alkali. 

Before dyeing is commenced a trammel net is inserted in the vat which 
is arranged at such a height that it keeps the wool clear of the sediment. 

The temperature of the vat should not be higher than 120° F. (jo® C.), 
or else the alkali will commence acting on tlie wool. 

Indigo dyeing being purely a mechanical process caiys for mechanicsd 
means to be adopted in dyeing. For piece dyeing hawking machines are 
used, which con.si.st essentially of two mechanically driven squeezing rollers 
fitted with*openers so as to avoid folds of cloth passing througl^the 
roliprs. The squeezing plays an important part in the penetration of 
thick cloths. When the cloth is taken out of the vat it is immediately 
passed through overhead squeezing rollers which may be nin dn aq, over¬ 
head rail from vat to vat as required. Unless the squeezing rollers are 
free from defect uneven pieces will result. After the pieces have been 
thoroughly oxfdizcd. they must be thoroughly washed, treated with 
fuller's earth, then again with water. This treatment must be thorough, 
in order to remove all superficially attached indigo which would otherwise 
cause the shade to rub; if the shade has been dyed from a vat out of 
condition no amount of lieatmiTit will make the shade fast to 

Loose wool is usually dyed in circular cast-iron vats, which are so sunk 
in the ground that they project about 2J feet above the ground. They are 
usually built round with bricks and fitted with a steam coil lor heating 
purjKzses. When the wool is due out. a pair of^queezmg rollers on wheels 
is brought to the side of the vat, a travelling apron is so fitted that it 
projects over the side of the vat, underneath which a tray is fitted so as to 
return all the surplus liquor to the vat. The wool is lifted on to the apron 
by means of sticks or forks; after passing through the nip rollers it falls 
on the flodV where it is allowed to lie in heaps till oxidized. 

^ Woo! should lie entered into the vat wet, since dry material takes in 
too much air which would disturb the condition ol the vat. 

When dyeing indigo the more dips within reason which are given the 
better is the wool dyed. Wool dyed to a shade m two dips will be fa.ster 
than wool dyed to the .same qliade in one dip. The average length of dip 
IS 20-45 minutes, but pieces which are difficult to penctnate may be kept 
in the \at 1-2 hours. The length of time of dip docs nut" however, bear 
any definite relation to the deepening of the shade. The c|uick dyeing 
of indigo always means inferior fastness to rubbing. 

It is a very common pl'Atyce to bottom the wool with some red dye¬ 
stuff previous to dyeing withVdigo and thus economize indigo. Ali- 
-arine red on a chrome mordaSt is commonly u.sed. The prcliminasy 
pnximingserves the useful purpose of also cleaning the uool, thusei^uring 


sodi results. 

j''igo IS also topped with a variet/ of dyestuifs to produt^ " woaded " 
pOwae.f]j„s woaded blacks are produced by dyeing logwood on.top of 
fore, tha^t woaded greens are produced by combining ftStic with the 
ihe dyer ttP*®” chroming on to]^ of the^ndigo ^reat care roust be taken 
vTiiofi indigo, which'fc .sensitive tof oxidizing agents. 

iVtUC ulu paper is a verv good and easy means of testing'the 

Stock Vat.-t. 
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Cotton. 

There are three principal vats used for dyeing irfdigo on 
cotton, viz.— 

1. Copperas vat. 

2. Zinc-I/ime vat. 

3. HydroSulphite vat. 

The copperas vat is gradually falling out of use owing to 
thevery bulky sediment produced which is live timis bulkier 
than that of the zinc-lime vat, whilst the loss of indigo efte 
to destruction is much greater than in the case of the other 
two vats. The zinc-lime vat is the one most commonly 
.used because the causticity of the hydrosulphite vat is 
detrimental to the workmen’s hands. The hydrosulphite vat 
is more advantageous in machine dyeing due to its freedom 
froyisediment and case of control,, 

Co^eras Vat.—In the formation of this vat the lime 
acts on the ferrous sulphate to produce ferrous hydrate— 
FeS04 +Ca(OII)2=Fe(OH)2 -| -CaSO^ 

The ferrous hj drate is gradually o.xidized to ferric hydrate 
(which forms llu* bulhy Sidimeut) and so acts as a reducing 
agent reducing the indigo present to indigo white, which 
dissolves in the e.vcess of lime present and is thus fn a con¬ 
dition to be absorbed by the fibre. 

Stock Vat.—Thirty lbs. indigo, 20 per cent, paste, are 
mixed with 6 gallons of water at 140“ F. (60° C.); add to this 
36 lbs. quicklime made into a smooth paste, then add, whilst; 
stirring, 24 ferrous sulphate in about 10 gallons water, 
and the whole made up to 60 gallons. This shoTild be 
stirred occasional!)', covered over, mrd left overnight; in 
the morning dt should be reduced^^a yellow solution with 
bronzy scum. Before adding to Bie working vat, the water 
should be sharpened with 3 oz. lime and i| oz. copperas for 
every 10 gallons, 

Z|nc-£ime Vat.—In the formation of this vat the lime 
and zthc dSst react to form calcium zincate, whilst Jiydrogen 
is liberated w'hich reduce^the iadigo to indigo white which 
dijsolves in the excess of lime present— 

- Zn-|-Ca(0H)2=CaZn02-t-H2 



. Stock Vat—Twenty lbs. indigo, 26 per ci|nt.; 

2j lbs. zinc dust made into a paste with 4 galloia of water nt 
140® F. (60° C.), are mixed together, to which is added, whilst 
warm, 8-10 lbs. quicklime made into a smooth paste, and the 
whole is made up to 20 gallons with water at 140° F. (60° C), 
and well stined at intervals. The mixture will reduce td 
a pure yellow. Before adding to the working vat, sharpen 
the water, with i oz. zinc dust and li oz. lime for e^;ery 
lOcgallons. 

Hydrosulphite Vat.—This vat has not found much 
favour as the zinc-lime vat, but the increasing adoption of 
dyeing machines will inevitably lead to an increasing use of 
this vat, due to its freedom from sediment. One objection 
laid against this vat is the difficulty of dyeing dark shades 
satisfactorily, if the vat should contain excess of caustic soda 
and hydrosulphite, whilsf the cost of the reducing agSit is 
also urged against it. 

Stock Vat .—One hundred lbs. indigo. 20 per cent, paste, 
is intimately mixed with 6 gallons uoustic soda, 76° Tw., 
and 20 gallons water, 17 lbs. hydrosulphite powder cone, is 
then added and the whole wanned to 110° F. (45° C.). The 
indigo should be reduced and ready for use. Before adding 
the stock vat to the working vat the water is sharpened with 
f oz. hydrosul^Mte for eveiy 100 gallons water. 


GENERAL NOTES FOR COTTON. 

Cotton dyeing is carried out cold. 

Indigo on cotton is not as fast as on wool, nor is it as fast as the new val 
blues, but the latter are much more expensive to dye Apd do not give a 
good naVy shade like indigo. The great advantage about indigo on cottoi 
is that no matter how many times it is washed the shade always remauu 
a nice blue despite loss this is not so with sulphur blues, foi 

example, which always wash rtVder. > 

^ Cotton is dyed in all stages olmanufacturc, but very rarely in the iow 
loose cotton. ^ 

It is absolutely essential for the cotton to be thoroughly boiled oat will 
alkali before it is dyed in order to ge^Ihc best results. 

Yam is usually dyed by hand with a mechanical squeezing arrange 
ment fitted over the top of the vat to ensure that all hanks fire sUijmitted 
to the samk degree of squeezing in order to ensur* all being the same shade 
Aft^ this, squeezing the yam is Wrung^d beaten out on the peg, thei 
hung to allow of oxidation. ■, 

A heavy shade of indigo on yam will be passed through 6 vats, stadafif 



, iV weut one stod finjehing in a strong vat. ^ 

M^^are o^ed as regMds to washing, rubbing, and penrtiiti*m;: 
A aawl fr depth of shade dyed with a reduced number of dAs will be 
Tweportionately less fast. , ■ 

I. sl'O’iW be soured off with 

hydTMhloric acid, which removes the lime in the soluble form of calcium 
Chlonde Sourmg or steaming raises the bronze in indigo shades. 

^ dippm^vat is used for heavy piece goods, wliilst light goods arc 
dyed in the continuous vat. The squeezing rollers must be efficient for 
level results. 

Kzing of indigo yams always dulls and darkens the shide, so tliat 
^ic colours are sometimes used for topping indigo, whilst it is often eBm- 
bincd ivith sulphur dyestuffs which liavc a great affinity for the indigo. 

D dyeing of indigo on cotton w'as described 

by K. B. Brown in J.S.D.C.. 1913, p. 71, for which it was claimed that one 
dip of 20-30 minutes would give a shade equal to 3-4 dips in a zinc-lime 
or copperas vat, whilst a heavy shade could be produced m two dips. _ 
The proco.ss consists in setting the vat with much less caustic soeffi than 
has hitherto been considered necessary for a hydrosulphitc vat. and in 
maki^ an addition of common or Glauber's salt. Moreover yarn may be 
dyedl^tP-ioo-lb. lots instead of the usual practice of 0 lbs. in the vat at 
a time. The vat is set as follows:— 

For too lbs. yam— 


zoo gallons water 

44 Ite. indigo solution, 20 [xr cent, for cotton 
4i pints caustic soda, 42° Tw. 

4I lbs. hydrosulphitc powder cone. 

7 pints 'nommol soap 
9 lbs. commAi or 22 lbs. Glauber’s salt. 


The Other Vat Dyestuffs. 

It IS a curious fact that although indigo was probably 
the first dyestuff kiiwvn to man, it remained the sole repre¬ 
sentative (with the exception of \yoad) of vat dyestuff^ 
until i 90 i,.j'hen indaiithrene was put on the market. 
Since this date a large number of vat dyestuffs ha\4 been 
produced commercially, which may_^ divided into three 
distinct chenjical classes, viz.— 

Anthracene dyestuffs.—Algoi, chloranthrcne, cibanone,' 

duranthrene, indanthrene. 

Indigoid dyestuffs.—Thio-^digo, ciba, helindone, and 
various halogenated indigos. 

Su^hidf vat dyestuffs.—Hydron colours. 

The above polours inclji^e the fastest colours kn^wn, ^d 
ase mainly applied to the vegetable fibres. Wool cannot 
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be dyed with the anthracene dyestufis owing tp the strongly, 
alkaline mature of the dyebath, nor have the hydron dye¬ 
stuffs been recommended for wool by their makers. The 
indigoid dyestuffs have been persistently recommended for 
wool, but so far as Great Britain is concerned, the author 
has not heard of them being seriously adopted. The facf 
of the matter is that there is a large range of fast colours 
for wool, which are not only cheaper, but more easily applied, 
whilst they also meet the fastness requirements of the 
various branches of wool dyeing. 

Attention was called at the beginning of this section to 
the fact that all vat dyestuffs are not fast, but those which are 
fa«t are extremely fast to light, washing, and boiling soap. 
Many of these dyestuffs are fast to chlorine, so that they 
are used in goods which have subsequently to be bleached, 
but special methods have’to be adopted for boiling orffthe 
goods. Although the colours are so fast ver}- few will 
stand-boiling in a pressure kier without marking off. In 
fact, it is frequently found in an open- kier that the pieces 
at the bottom which have had the weight of the other 
pieces on them will have marked off^ wdiilst those at the top 
have eoi^e out perfect. This is due to the fact that the 
alkali plus the impurities removed from the cloth form a 
l(fcal vat with’’t!iie dyestuff and cause it to run locally. 
Many products have been suggested as additions to the 
kier to prevent marking off, but I have not heard of any 
being successfully adopted. The colours ?re, however, 
otherwise so valuable that the trade have reefcneiled them¬ 
selves to the fact that it is uecessajy to take special pre¬ 
cautions in the boilisg^mt process, and in some cases a 
J?oiling in the open jiggel^is all the boiling that is given. 
Again, maiiy colours, whilst not bleeding, undergo a change 
of shade in the bleaching liquor^, but the original shade may 
be restored by a simple after-traatment with hydspsulphite; 

Of the three classes of vat dyestuffs two are much easier 
to dye than the third. The indigoid. and sulphide vat 
dyeatuffs are no more difficult «^o dye than indigo, but 
the anthracene dyestuffs are certainly more difficult, 
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. particularly fr^ the point of view of penetration, thoi^h the 
halogenated anthracene dyestufis, like chloranthrene blue FC, 
are much better in this respect than the non-halogenated 
dyestuffs. On the other hand, the anthracene group in¬ 
clude the fastest dyestuffs of the three series. The sulphide 
vat or hydroip dyestuffs were the last group to be introduced, 
and had really not had time to be extensively adopted 
before the war intervened and cut off the supply. They 
had been more widely adopted on the Continent, particu¬ 
larly ^for» blue apron cloth. The hydron series is the only 
one which include a satisfactory navy blue at a reasonable 
price. The other two series of colours Jiad befn gradually 
more and more widely adopted, though it fliust always ■«€* 
remembered that their high price limited their use to the best 
quality of cotton and linen goods. ^ Their chief use has been 
in guaranteed casement cloths, blouse fabrics, shirtings, 
washing dresses, and handkerchief cloth. 

The application of the vat series has been a source of 
great trouble to the dj; er, and has presented many difficulties, 
but experience has been gradually gained which has enabled 
them to overcome tue difficulties and get perfect results 
without the aid of such apparatus as under-water jigs, but 
in the ordinary Lancashire jig. The greatest^difficulties are 
encountered in dyeing compound shades, but here again 
experience has enabled the dyer to choose the most suitable 
t5q)es. In this connection it may be said that most curiou% 
results have .been obtained. Two dyestuffs which as self* 
shades have proved themselves extremely fast, are some¬ 
times less fast when dyed together in a compound shade. 
On the other hand, a colour like ar^l .ailavone, wliich is not 
fast as a self shade, is extremely ffst when d}'ed in combina¬ 
tion with indanthrene blue. Experience has also shown that 
two dyestuffs which will not mix level in compound shades 
will give le vel shades if a smslll addition of a third dyestuff 
is to the vat. Trouble is also caused by the fact that 
one dyestuff dyes bes«. at a different temperature to tlie other 
dyestuff being nsed in the*cibmpdund shade. In such caSes 
dyto usually dye at an intermediate temperature. When 
N. 9 
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dyeiag compound shades with the vat dyestuSs it is beat ts* 
reduce fech dyestuff separately, and then mix them in the 
dye-bath in the reduced state, rather than to mix them 
together in the unreduced state and then reduce them. 
The maintenance of the correct temperature in dyeing 
vat dyestuffs is of the highest importance in order to get 
the best result obtainable from any particular type. The 
following^ experiments with chloranthrene blue BD^are 
in^cructive, and illustrate the above point effectively. Dye, 
chloranthrene blue BD under identical conditions of^ per¬ 
centage of colour, caustic soda and hydrosulphite, but at 
the following different temperatures: 140° F. (60“ C.), 
F. (70° C.), 176” F. (8o“ C.), 194“ F. (90“ C.) and at 
boil. Sour, wash, and soap the tests together so as to give 
all identical treatment apd compare the results when dry. 
This examination will show the shade dyed at V40° F. 
(60° C.) to be the best with a progressive deterioration of 
shade till at 194° F. {90° C.) the shade obtained is but half 
the strength and flatter than the shade dyed at the correct 
temperature 140° F. (60° C.). 

The principle of dyeing the vat dyestuffs is exactly the 
same as«in the case of indigo, viz. the colours are insoluble 
in water, bu^ reduce to leuco compounds by taking up 
hydrogen, which compounds are freely soluble in alkali. 
The only vat used, however, is the hydrosulphite-caustic 
.soda vat. 

The anthracene series require much more alkali than 
the ifidigoid or hydron series, as will be s’een from the 
following recipes, which give approximately the same depth 
of shade using 30 tiffrtl>*'jquor on the yam. 

Anthracene Series-X 

lo per cent, chloranthrene blue BD, 10 per cent, paste. 

30 per cent, caustic soda, 76° Tw. 

zj per cent. hydrosulpMte powder cone. 

Indig:old Series— , 

2 per cent, ciba bluqaR powder? 

j per cent, caustic s^a, 7©° Tw. 

7 per cent, hydrosulphite powder cone. 
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Sulphide Tit Series— 

6 per cent, hydron blue G paste. 

6‘6 per cent, caustic soda, 76° Tw. 

6 per cent, hydrosulphite powder cone. 

• From the ^bove it will be seen that the anthracene series 
require four times as much alkali as the other two, and 
much less hydrosulphite. The curious thing is thgt a light 
shade requires just as much caustic soda as a heavy shade, 
for which I have never yet seen an adequate explanation, 
thoug'h as a hard practical fact it is indisputable. The 
caustic soda plays a most important part and requires to be 
calculated on the volume of liquor employed,* and noj-/*.a 
the amount of dyestuff. Without a sufficiency of caustic 
soda good results cannot be obtained. 

The., following typical recipes sHbw the method of dyeing 
the three different classes. 

Anthracene Class.—^This class require to be dyed in 
a strongly alkaline bath, using gallons caustic soda, 
76° Tw., per 100 gallons of dye-liquor—the same amount of 
alkali is taken whether a light or dark shade is being dyed. 

10 per cent, chloranthrene blue BD paste, 

2i per cent, hydrosulphite powder cope. 

The actual dyebath may be made up in various ways accord¬ 
ing to the material being dyed. The caustic soda and 
hydrosulphite may be added to the dyebath at 140° F. (60® C.)*, 
and the colour added in paste form to the bath; gently 
stir the bath, feen wait till the colour is reduced: when, as 
is the case with chloranthrene yellow, the leuco compound 
is a distinctive colour, viz. blue, it is .asy to see if the bath is 
reduced, but with chloranthrene bfue the leuco compound is 
alM bhie. This makes it difficidt till one becomes experienced 
to tell if the colour is reduc .-d. Three methods may be 
adopted. Spotting on a white porcelain tile is one method. 

a piece of ground glass in the vat, then lifting out 
and noticing the colour of the jjquor as it drops off is.a 
jWqond one. The third onh'is used by the author, and con- 
drawing out some of the vat in a pipette, then allow 
d^ble slowly down the side of a clean test-tube held 
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up to the light. If the blue is reduced the liqutfr will be clear; 
but if it is not reduced, owing to the insolubility of the dye- 
stufi in water, the undissolved particles of colour may easily 
be detected as the liquor ruiK down the side of the tube. 

Another method of preparing the dyebath used in prac; 
tice, particularly for piece dyeing, when the coldur is added to 
the dyebath in two portions, is as follows. Stir the colour 
in^ a paste with two-thirds of the caustic soda and half the 
hydrosulphite plus a little water at 150° F. (65° C.). In the 
jig put the remaining tliird of caustic soda and'hajf the 
balance of the hydrosulphite, add half the colour in the tub, 
a. ^ye the pie«e one end, add the balance of the hydrosulphite 
and the remaining half of the colour, then another end. 
Dyeing is then completed in five ends, the temperature of 
the bath being maintained at 140° F. (60° C.). Give 3 ends 
in a chrome bath containing aj per cent, bichronlf which 
is added at twice. Follow by 3 ends in running water. 
Sour with hydrochloric or sulphuric acid for three ends. 
Give 4 ends in a boiling soap bath Charged with soap and 
soda ash. Finally give three ends in running water. The 
above illustrates one method used in practice for dyeii^ 
pieces ^ith vat dyestufis. The personality of the dyer, 
however, playt # great part in the methods employed and 
many variations are to be found. Some dyers used jigs 
fitted with nip rollers, some dispense with nip rollers. Some 
*un the pieces straight into a chrome bath without any 
preliminary washing, whilst others do not. use chrome. 
Some prepare the pieces in soap or soluble oil, others do 
not, yet they all^ get good results, which satisfy the 
trade. Whichever wSW the vat dyestuffs qre applied it 
' is a long process, becau^ in the laboratory it ta|ces fj(ur 
hours to do a comparative test of vat dyestuffs from start to 
finish. No scamping is permissible in the dyeing, or it will 
show itself in the final result, whilst only the motfc intell^ent 
labourejs should be employed. Pieces when llyed‘*in the 
jig must run straight on^the ipller, or else bad sdvedges 
will result. Again high tempeVatures must be avoided, 
becaiae the higher the temperature the more easily does'the 
colour oxidize and cause uneven resultsf To those dyestuffs 
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which are more easily reduced and more soluble it is 
customary to add Glauber’s salt to the dyebath lia order 
to facilitate exhaustion. 

Indigoid Class— 

z per cent, ciba blue 2R powder. 

7 per cent, caustic soda, 76° Tw. 

7 per cent, hydrosulphite powder cone. 

Stil^the colour into a smooth paste with the catstic soda 
and a little cold water; hot water is then added, finally the 
hydrnsulphite. It will usually be found necessary to boil 
the above to obtain perfect solution. The leuco compounds 
are bright golden-yellow colour, which ena^es the con¬ 
dition of the vat to be easily gauged. Greenish-lorklill' 
baths are not in proper condition. Cotton is dyed at 
140® F. (60° C.). The colours oxidize back slowly in the 
air, which makes their manipulation comparatively easy. 

Wool ,—The following recipe is abstracted from the 
maker’s literature and is given as a typical recipe:— 

Stock Vat— 

10 lbs. thio indigo red paste are thinned with 

5 gallons wate', 120° F. (50° C.). 

Add 3f gills caustic soda, 76° Tw. 

2 lbs. hydrosulphite powder cone. ^ 

The whole is carefully stirred and wanned to 140° F. (60° C.) 
till complete reduction has taken place, then diluted to 
10 gallons with water. , 

Working Vat of 100 Gallons.— Into 90 gallons of 
water at 10^-120“ F. (40-50° C.) are put |-i lb. glue 
previously dissolved), and the same quantit>' of monopol 
brilliant oil. For deep shades use 3- C oz. per gallon Glauber’s 
sqjt. Add ii-2| oz. hydrosuljJhite powder cone., and* 
J-l qz. caustic soda, 76° Tw. The bath is now stirred, 
and the required quantity of 'tock vat is put in and allowed 
tj stand 1-2 hours before* commencing dyeing. Upon 
coinpletion of the dyeing the goods are squeezed ofi and 
allowed to oxidize, which proceeds slowly, and tfius very 
level results are obtaindd. After washing the ’dyeings 
are treated in a weak boiling acid bath or slightly steamed 
.in OTder to destroy the hydrosulphite. 
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According to Dr. Kamm«er [/.S.D.C., i9(^, p. 68} mosA, 
vat dyeptufis show no affinity for wool till i6o® F. (70® C.).; 
Monopol soap or glue, however, protect the wool from t 3 « 
injurious action of the alkali. If the wool is likely to be 
left lying about for some time it will be necessary to sour 
the wool (half-hour at boil with 3 per cent, sulphuric acidj, 
in order to destroy the hydrosulphite, otherwise the colour 
will not be fast. 

•The author has confirmed this statement by exposures 
of helindone pink AN 011 flannel, one piece being boiled 
in sulphuric acid to destroy the hydrosnlphite, one'piece 
just washed off. The difference in fastness to light was 
"atwit marked. This necessity of boiling in acid is to my mind 
a great drawback, because half the advantage of vat dyeing 
is the dyeing at low temperatures in order to preserve the 
condition of the wool. “TVIoreover, the boiling with add 
makes it a two-bath process, and in the case cited above 
made a most marked difference in the final shade. 

Sulphide Vat Class — Stai'iing Subsequent 

batk ba&. 

Hydron blue, 20 per cent, paste 6-30 per cent. 4-20 per cent. 

Sodium sulphide crystals .. 6-30 ,, 4-20 „ 

Caustic boda, 77° Tw. .. 3-15 „ 2-8 „ 

^ydrosulphite,ppwderconc. ... 2-5 „ i|-3 „ 

Add to the dye-liquor at 160° F. (70° C.) the dyestuff, sodium 
sulphide, caustic soda, finally the hydrosulphite. The vat 
'When in proper condition is yellow. The use of sodium 
sulph^e in conjunction with hydrosulphite hc-s been found 
advantageous in that better penetration is obtained. This 
class of vat dyestuffs may be dyed with sodium sulphide 
,fdone, but the results a^not as good as those obtained by 
the above method. 

Whichever class of vat dyestuff is being dyed th^y are 
alwaj^ soured after dyeing to neutralize the strong alkalinity 
of the dye-liquor, then strongly soaped, again wa*hed*ffisa% 
dried. The soaping is a most important operation, because 
itdias » marked effect on the sWe in that it both develops 
and brightens the shade. This adds to the troubles (d tffie 
dyer, because it makes matching off all tfae more difficult: 



Sbotion. X.—THE DYEING OP UNION 
MATERIALS, INCLUDING GARMENTS 

The dymg of mixed fabrics made from silk, wool, cotton, 
and artjficial silk is a branch of dyeing which is constantly 
increasing both in scope and importance. This development 
may be put down to two causes : the constant demand for 
a popular article at a cheap price, due to the preSent ten^swiy* 
of the public to have cheap new clothes often, rather than 
^pensive good clothes at longer intervals: the constant 
introdvction of new coal tar dyestuffs with special pro¬ 
perties for mixed fabrics dyeing with which it is possible 
for the dyer to obtain effects liitherto unobtainable. 

There are numercus ways of making a fabric consisting 
of more than one fibre, and there are several ways of dyo ing 
the same. The thrcu main principles are— 

1. The two or more fibres may be dyed separ^ely and 

then woven to give shot or other effects, or the fibres 
may be dyed in the loose, scribblltf together, thai 
spun into y^rn and woven, which is the method 
employed for cheap tweeds, etc. 

2. One fibre—usually cotton warp—may be dyed in th% 

warp, hank, cop or beam, then woven up with an 
undyed weft, w'hich is subsequently dyed in the 
piece. 

3. All the fibres are woven K' the grey state, and suljj; 

sequently dyed in the piece. 

Speaking generally the fastest and brightest shades may 
he obtain'id by metliods i and 2, but the cheapest results 
rria^ be ol^ined by method 3, coupled with the fact 
it is incomparably preferable from the merchant’^ point of 
view to hold stock in the,grey, Mich may be dyed*at shbrt ' 
totice mto any desired colour. 
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Modem union dyeing,, as now practised, way be said to 
have been made possible by the introduction of the direct 
cotton dyestufis which enabled fabrics of silk, wool, and 
cotton to be dyed a uniform shade in one bath. Before 
their introduction the dyeing of mixed fabrics was a long 
and complicated process, involving the use of" many baths* 
coupled with great skill and experience on the part of the 
dyer. Siagle-bath union dyeing involves careful attention 
to the temperature of the dyebath in order to regulate the 
dyeing of the various fibres to the same depth of ^ade, 
but is verj- quick and comparatively cheap. It must not, 
however, be assumed that the single-bath method is without 
Thwit^backs, \)ecause it has several disadvantages. The 
range of shades which may be obtained by tliis method is 
a limited though gradually increasing one—bright pinks, 
greens and violets are still unobtainable by this method. 
Many classes of fabrics, such as lustre goods, cannot be dyed 
by this method, which is frequently termed ‘‘soft dyeir^,” 
as compared with dyeing in an acid bath for two reasons, 
viz.— 

1. The lustre and handle of the goods is more depreciated 

as compared with the acid method. 

2. The goods are liable to cockle and crease, whilst the 

dyestuffs used are not sufliciently fast to permit of 
subsequent crabbing in order to straighten the goods 
once more. 

Notwithstanding th&e drawbacks the single-bath method 
is becoming of increasing importance in mbdern dyeing 
practice. 

The various raethods^f dj'eing the chief classes of union 
^ir mixed goods will now 1* considered in detail:— 

Wool and Silk Unions. —This class of fabrics has to fie 
dyed with a shot or solid effect^ 

Shot Effects are generally dyed in two baths. • The wool 
is first dyed with colours which dye the wool,*but*1aive 
the silk i^hite or nearly so at the boil. “ The method of pro¬ 
cedure is to enter the material into the boiKng bath, con¬ 
taining Glauber’s salt and acetic acid, and continue the 
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dyeing for i-j| hours at the vigorous boil. The bath‘^ust 
be strongly acid, so that it is advisable to add sofie acetic 
acid to the dyebath from time to time to replace that which 
is lost by evaporation. The following colours leave the 
silk white or nearly so in a boiling acid bath:— 


Naphthol Vellow. 
Tartrazine. 
Xylene yellows. 
Orange 2G. 


Acid magenta. 

Indigo extract. 

Alizarine delphinol SE. 

Acid reds of the XI, fuchsine type. 


Staining of the silk in heavy shades can hardly be 
avoided, so that if the silk has .to be left white or dj'ed a 
delicate tint the silk must be cleared by one of the following 
methods;— 

The silk is cleared by working in a bath of clean soft 
water at ioo°-i40° F. (40°-6o° C.). alone or with the 
addition of a little acetate of ammonia. This treat¬ 
ment always removes some colour from the wool, 
so that it must be carried out quickly and with as 
small an amou:it of acetate of ammonia as will clear 
the silk sufficicitly to admit of the desired shade being 
obtained. Wnen dyeing the wool allowance must be 
made for this loss of colour. « 

The silk may be cleared by working in a qpld to lukewarm 
bath containing a little hydrosulptite. This treat¬ 
ment also removes some of the colour from the wool. 

Another method is to run the pieces in a bath of airgd 
water.containing bran about i| oz. to the gallon; 
then whsh well in cold water. 

The silk is usually dyed in a cold bath containing a little 
acetic acid with basic colours, since these give the brightest 
colours, therefore yield the best contrast and so enhanoe 
tte |hot effect. 

The silk may also be filled up at low temperatures with 
'direct cotton dyestufis, sinae the affinity of these colours 
for ^ af low temperatures is strong, whilst the average 
direct cotton dyestuff has no affinity for wool bel(?w 100® F. 
(40® C.); in fdct, many wiM not* dye the wool at still higher 
temperatures. 



t|8 COAl tAi^ O^ESti}P$S 

SoM Efftet^TiiR dyemg of wool aad^silk good£ it 
solid sh^e is essentially a matter of temperatoxe, always 
supposing that the colours being used are recommended as 
suitable for this particular purpose. The reason of this is 
that both acid and direct cotton dyestuffs have a stroi^ 
aflinity for silk at low temperatures, coupled* with a poof 
affinity for wool; the position is exactly reversed at high 
temperatuiTes in that the colour boils off the silk on to*the 
wool. Within these two extremes there is a mean tempera¬ 
ture at which the affinity for both fibres is alike. The mean 
temperature of the follow^ acid dyestuffs shows that this 

varies within wide limits:— 

\ 

Quinoline yellow, 140° F. (60° C.). 

Orange IV, at boil. 

Fast Red. 100“ F. (40“ C.). 

Temperature, however, is not the onlj determining 
factor, but structure of the cloth also plays a very important 
part in the temperature at which the dyestuff should be 
dyed to obtain a solid shade, e.g. a hard, twisted, crossbred 
yam will naturally be dyed a heavier shade than a loosely 
sptm botany yarn at the same temperature. The requisite 
judgment on these points can only be obtained by actual 
eiperience, ancf Such experience is the necessary qualifica¬ 
tion of a foreman dyer. 

In actual dyeing it follows, therefore, that dyeing is com- 
Aenced cold, and the iJath gradually raised to the correct 
tempemture for the particular dyestuff being used. If the 
wool is lighter in shade than the silk the temperature of the 
bath must be raised to Kt the wool heavier, conversely if 
jjje silk is lighter the t^perature must be fow’ered. In 
dyeing compound shades it is essential to choose dyestuflis 
which have the same temperature for giving sdid slmdes, 
or else the task will be extrmely difficult. Fertunatdy' 
there are many direct cotton dyestuffs which dj*e the’Wwd 
and silk ^ solid shade between iq 5-«2° F. (90-100® C), 
an^ these are excellently diiapt^d for giving solid shad0 
with mixtura of three dyestuffs: they are patticu]a% 
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Stti^e for,production of browns, greens, oliv^, ;etc., 
whilst the sdphoncyanine class of dyes are ^ellently 
adi^ted for blue and navy shades dyed in a neutad 
bath. 

Cotton and Silk Unions. —^Temperature coupled with 
the correct «hade of dyestuff is again the deciding factor 
in the dyeing of this class of fabric, which may reqiure to be 
dyed in a shot or solid shade. Shot effects are obtained by 
first dyeing the silk with acid dyestuffs, which do not stain 
cotton„then filling up the cotton in a fresh bath with direct 
cotton dyestuffs. For this latter purpose a very careful 
choice of dyestuff must be made, b*ecause, as already indicated, 
many direct cotton dyestuffs have a proncftinced affpity 
for silk at low temperatures. There are, however,'some 
which have but a weak affinity for silk at low temperatures, 
amongst which may be mentionefl direct cotton blues of the 
" B ” and " FF " types, cotton blacks of the “ BH ” t3q)e, 
mikado and stilbene colours, benzo fast scarlets. 

Filling up the cotton is carried out with the addition of 
Glauber’s or common salt, soda ash and soap ; the addition 
of the two latter hup.'; to keep the colour off the silk. The 
temperature to which the bath is raised varies,with the 
different dyestuffs, "BH” blacks should not be taken 
above ioo° F. (40° C.), but “FF” sK^ blues may be 
taken much higher without staining the silk. 

The principles involved in the dyeing of cotton and silk 
fabric solid shades are the same as those adopted in dyeiSg 
wool and cotton goods to which the reader is referred for 
details. 

Wool and Cotton Fabrics, —The dyeing of this class 
of fabric i? usually carried out by one of the following 
Methods: — 

(a) Dyeing the wool with acid colours, and then fiUiug ■ 
iip the cotton in l»cold alkaline bath with direct 
©otton colours. 

iff) Dyeing the 'vool with acid colours, mordanting the 
cotton with tarwic acid, fixing with tartar ematic, 
then dyeing the cotton cold with basic colours. 
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{c) Dyeing the material in a neutral Glauj^^er’s salt bWh 
^with colours which dye solid shades, or by a com¬ 
bination of acid colours, which dye the wopl in 
a neutral bath, practically leaving the cotton white, 
and direct cotton colours which dye the cotton 
more than the wool. 

(d) Dyeing the cotton in the warp with conon coioms, 
V'hich are fast to cross-dyeing, then dyeing Jthe 
weft in the piece with acid colours. 

(a) This method is usually carried out with goods in which 
it is not of much importance that the cotton should t)e of 
exactly the same shade as the wool so long as it is covered. 

‘ XJbis is th^ method usually carried out in shoddy dyeing, 
the cotton being afterwards filled up by means of sumac and 
iron in the case of blacks, blues, and heavy browns, or with 
some suitable direct cotton colour dependent on ths shade 
of the wool. It is also used in pile fabrics with a cotton 
warp back, and goods that are likely to crimp if dyed in a 
neutral Glauber’s salt bath, such as waol and cotton unions 
with artificial silk effect threads. Its advantage is that one 
can get brighter shades on the wool by this method than by 
the singlf-bath method. For filling up the cotton a large 
range of direct cotton dyestuffs are available which leave 
the wool unsta*iiled at low temperatures whilst having a 
strong affinity for cotton. This dyeing of the cotton should 
not be earned out absolutely cold, because experiment has 
mown that the temperature at which it is carried out has a 
very distinct influence on the fastness to rubbing on the 
cotton. The higher the temperature at which the filling 
up of the cotton is carried out, the faster to rubbing is 
t^e cotton : thus, if the filling up is carried out cold, the 
cotton will be liable to rub, but if carried out at i20-i40“ f. 
(50-60° C.), the cotton will be found quite fast to rubiJing; 
moreover, the higher the temperature employed, the better' 
the value obtained from the dyestuff. This operation* is 
usually carried out on the washing maehine, which enables 
a vtry ^ort liquor to be ftsed,»*and in which the heavy 
roller plays an efficient part in squeezing the colour into 
the centre of the material. 
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As assistants take i lb. Glauber’s or common salt and 2*025. 
soda ash per 10 gallons liquor. This is a great altlvantage 
ovef the old method of sumac and iron with subsequent 
shading with basic colours, because the shade of the wool 
jvas always flattened, whilst the basic colours also rubbed. 

{b) The v 7 ool is dyed in the usual manner with acid colours, 
washed well, mordanted with tannic acid, fixed 
with tartar emetic, then dyed with basi^ colours. 
This process is very long, and requires no less than 'four 
distkicf baths, and at least four wasliings. Despite this 
drawback its use is indispensable for solid shades in bright 
pinks, greens, blues, and violets. It is alsq the'* method 
usually employed for the production of shot effects. 

Single Bath or Neutral Bath Method.—Owing to 
the many improvements in the, colours suitable for this 
proces? the adoption of tliis method has recently largely 
increased. Though it is still impossible to obtain certain 
bright shades such as vivid greens, pinks, and violets by 
this method, a constantly increasing range of shades may 
be obtained, notabh blacks, blues, browns, khakis, greens, 
reds. The principles 'nvolved are as follows: for the 
purposes of single-bath union dyeing dyestuffs* may be 
classified as follows:— , 

I. Acid dyestuffs which possess a good affinity for wool 
(and silk) in* a neutral bath, so that they may be 
used for shading the wool in union dyeing. A ve(y 
large number of acid dyestuffs have practically no 
affinity for wool in a neutral bath, and are therefore 
useless for this purpose. A fair number are, how¬ 
ever, suitable, amongst which may be mentioned— 


Acid violets. 
Indian yellow. 
Rhodamine B, G. 
Acjjd blacks. 


Fast Red. 
Orange II. IV. 
Sulphoncyanine. 
Gloria blacks. 


2. Direct cotton dyestuffs yhich in a neutral*bath give* 
practically a solid shade on wool, silk, and cotton 
fabrics. 
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3, Direct cotton dyestuffs, which in a neutral bath dyC 
l£ie cotton much heavier than the wool. 

By using combinations of the above three classes Iblid, 
shades may be easily obtained after a little practice. One or 
two examples will suf&ce to illustrate the method. ThraJi 
is no direct cotton na\y which will give a solid shade on 
wool, silk, and cotton, therefore one must build one up or 
buy it ready mixed by the colour manufacturer. Direct black 
BH Myes the cotton a full navj’, whilst only staining the 
wool and silk a dirty grey. A navy blue is wanted which 
will dye the wool and silk in a neutral bath; the sulphon- 
cyanine class jof blue does this, so the requisite percentage 
is fouid out by dye-test. Should the shade be a little flat 
on the wool, then some acid violet is added to brighten the 
shade. . 

Again, there is no direct cotton violet which will give a 
solid shade on wool, silk, and cotton. All dye the wool 
redder than the cotton. This redness of the wool and silk 
may be corrected by using a blue shacle acid violet, which 
will dye the wool and silk only. 

The successful application of this method depends largdy 
on the intelligent appreciation of the two following cardinal 
pqints, 

(1) Use as concentrated a dye-liquor as possible. 

(2) Careful regulation of temperature. 

,• (i) The usual amoimt of liquor employed is 200 
gallons of water for too lbs. material; if jnore liquor 
is taken then, proportionately more colour will be required. 

(2) The temperature requires to be carefully regulated, 
owing to the fact that cotton has the greater *aflSnity for 
ttei colour below the boil, whilst the wool has the greatat 
affinity at the boil. It is therefore possible, by regulatii^ 

temperature, to control the ^ades of the wool and cotton 
within certain limits. If the wool is not heavy en^gh, 
work at t^je boil for a short time; on t^e other hand, u the 
tcoi^n is not heavy enough, shut off steam and allow the 
cotton to feed in the cooling batii.* When the (Bfierence ^ 
the shade is too great to be corrected in,^ simplt way, 
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ffcoorse & hs 4 to shading with suitable colours; If the wool 
has to be corrected, add an acid colour which pcjssesses a 
Spood affinity for wool in a neutral bath, and work at the 
sptipg boil; if the cotton has to be corrected, shut ofi steam 
and add a direct cotton colour which has a much greater 
Affinity for cotton than wool, and work in the cooling bath. 
It is absolutely essential in this class of work that the cotton 
be slightly heavier than the wool, so that the cotton does not 
stand out prominently (“ stare ” is the term often used) when 
the ^ade is examined. There are two methods of working 
employed in practice:— 

(i) Enter cold, raise to boil in half an hour, dye at the 

simmer for half an hour, shut off steam ands,allow 
to feed in the cooling bath half an hour. 

(ii) Enter at the boil, work 2^30 minutes at the gentle 
. * boil, shut off steam and work half an hour in the 

cooling bath. 

Both the above methods are used, but the author prefers 
the former owing to the fact that the cotton gets well covered 
before the wool begii.s to take up the colour. No hard-and- 
fast rule can be laid dow? as to the length of time to keep the 
bath simmering. This must be left to the judgment of the 
individual dyer, since so much depends upjjp the nature qf 
the wool, also the twist of the yam, the weave and design 
of the material. In general practice, however, it may be 
laid down that vigorous boiling is rarely required, because tl^ 
wool will usqally take the colour to the desired extent at tlm 
spring boil. 'An exception must be made in the dase of 
pale shades, when it will be necessary to vigorously boil the 
material in order to get the colour on to the wool, because 
many coloure which yield a solid shade in a full percentage 
nnthjut being boiled, require to be boiled when dyed in a 
percentage in order to^get the colour on to the wod. 
‘2yen with vigorous boiling*it will sometimes be found' 
necIsiBry U) add an acid colour with a good affinity for wool 
in a neutral bath in 8rder to bring the wool to the shade of 
'flte cotton. Except in palenhad« the baths are not exhaust 
be kept for subsequent lots. 
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The following varieties of union material*requiie to be 
speciallyfpientioned:— 

Union Felt. —^This material must be dyed as quickly 
as possible, because it is veiy liable to stretch in the hot 
liquor. The winch must also be fixed as near the surface 
of the liquor as possible so as to reduce the drag on the cloth 
to a minimum. 

Mohacr Pile Fabrics.—If the goods have been ciwled 
it miot advisable to employ the single-bath method, because 
in the hot neutral liquor the curled portions become, stijfiight 
again. This curled class of goods are, therefore, usually 
dyed with acid colours, the cotton, jute, or linen warp either 
being/lyed with colours fast to acid cross dyeing or else they 
are suitably backed when made up into rugs, mats, table¬ 
cloths, etc. If the pile is not curled, then the goods may be 
dyed in a single bath; since the warp does not sbjw jt is 
only essential that it is dyed darker than the wool, but it 
need not be exactly the same tone as the wool. Glauber's 
salt should be reduced to a minimum, and when washing ofi 
sour with a little acetic acid. 

Union Hose is probably the qjost difficult of all half¬ 
wool material to dye, because, when stretched as in actual 
lyear, the slighjest difference in tone between the wool and 
cotton at once becomes very noticeable. The matching' 
of the shade on the wool and cotton requires to be very ' 
jccurate. Moreover, a combination of colours which will 
give a solid shade on one quality of union hose,will not give 
the satoe result on a different pattern. Grefit experience 
is therefore required by the dyer of this class of material. 

Shades of Union Goods fast to Milling and Washing. 
-»-The after-treatment of direct cotton dyestuffs with formal¬ 
dehyde and bichrome as described in Section V., is deseed • 
to become of great importange in the dyeing of fast to 
milling and washing shades Son union goods. The intro¬ 
duction of dyestuffs suitable for formaldehyde*'afterireat- 
ment was^one of the features of the dyestuff market prior 
ttTthe waX and no doubt it wifh be fully dfevdoped whai 
circumstanc^ once more permit. Fast washinc blacks 
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have been lai^ely dyed by this process on union waste and 

^ola yams for a number of years and navies to a lesser 

extent. ^ 

sellar fast shades in olives, greens, browns and drabs 
my be dyed by using colours which are suitable for after- 
treatment with chromium fluoride as detailed in Section V. 


.Shoddy Dyeing. 

The dyeing of pieces containing a cotton warp with 
sh^oy weft IS usually carried out in one of the three 
following ways:— 

(1) Strippmg and dyeing in the same bath." 

(2) Dyeing the weft with acid colours, then lilling up the 

cotton on the washing machine with direct cotton 
colours or with sumac aiM iron. 

(3) .Single-bath method of union dyeing in a neutral 

Glauber’s salt bath. 

Stripping. In many cases it is found necessarj’ previous 
to dj eing to strip Ihe dark-coloured shoddy in order to 
obtain a suitable grc.md for the desired shade. The method 
of stripping IS carried out in various ways, amongst those 
usually employed the following may be mentioned :~ 

(а) Work for half an hour at 100-14?* F- (40-60° C.) 

with 5-10 per cent, soda ash, then wash well 

(б) Boilmg with 5-15 per cent, sulphuric acid for half an 

hour; this is frequently eifective in cleaning the 
piece, especially if the shoddy was originallj dyed 
with wood colours. Previous to dyeing, the pieces 
should be well washed to remove excess of acid. If 
they are subsequently to be dyed by the one-bath, 
method, they must be efiectively neutralized with 
soda ash in order to prevent the colour strikii^ 
oji to the wool anu .therefore leaving the cotton 
uncovered. 

(c) Boiling with 3-8 per cent, sodium bichromate and 
6-12 4)er cent, sijlphurib acid ; this is perhaps tSk 
method mostly employed, and gives very good 

10 
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results, stripping the goods to a ijiediuin btfo^ 
bottom. This can be made lighter by a sub¬ 
sequent slight stripping with hydrosulphite. 

(d) Hydrosulphite is now frequently used for stripping, 
purposes and is very effective in all cases except 
where the shoddy was originall)- dyed with indigtf; 
in this case the goods will look stripped in the bath 
/owing to the hydrosulphite reducing the indigo, 
but on washing off the pieces the indigo oxidizes 
up again. In cases where indigo is present the 
bichrome and acid is the most effective method. 
As mentioned above, hydrosulphite is frequently 
used after stripping with bichrome to make the 
bottom still lighter. In all cases the stripping 
is carried out at 120-140“ F. (50-60° C.), which 
gives a better handle to the goods than if l;hex are 
stripped at the boil, though this temperature may 
be employed if the shoddy is difficult to strip. 
After stripping and washing, the pieces must be 
soured ■with D.O.V., otherwise the pieces are very 
liable to come out flecky.. Hydrosulphite may be 
made for this purpose by the dyer liimself. For 
this purpose bisulphite of soda and zinc powder 
are required. Hydrosulphite being made by 
stirring 13 ozs. zinc into every gallon of bisulphite ‘ 
used. The liquid heats up as the zinc is stirred in, 
and stirring ik continued till the original smell of 
the bisulphite has disappeared, when the bisulphite 
is said to be “ killed.” It is allowed to settle and 
the clear liquid drawn off and used. No more 
hydrosulphite should be made than is required 
for immediate use, because it decompdses “on, 
standing. Hydrosulphite in a solid and stable 
form is now on th»'market and lias largely snp^ 
planted the use of bisulphite and zinc omang to 
'its greater convenience, tho»gh the author thinks , 
the freshly prepSred .hydrosulphite is the mpM 
effective. 
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Eyeing.—I. In this process the goods are first boil^wi^ ' 
tte bichrome and sulphuric acid for quarter of an hoiir, stoaip 
is shut off, and an acid colour is salted in, steam put on again, 
and the piece dyed to shade. The shades that are usually 
obtained by this method are olives, browns, and drabs, which 
are somewhat near the brown bottom obtained by stripping 
alone, i.e. to say where only a small quantity of colour to 
change the bottom to the desired shade is required. The 
cotton is treated with a small quantity of sumac, then '.dth 
iron liquor, and finally shaded with bismarck brow^i, chry- 
soidine, and auramine, or it may be filled up with the direct 
cotton colours. This is done cold with the addition of 
Glauber’s or common salt and soda ash, using i lb. salt and 
2-4 oz. soda ash per ro gallons liquor. The amount of 
liquor employed should be as small as possible, and as the 
baths ase not e.\hausted, the liquors may be kept for sub¬ 
sequent pieces. The filling up of the cotton should be 
carried out on the washing machine because the constant 
squeezing through the heavy rollers ensures the piece being 
penetrated, it here be noted that pieces in which the 
cotton is filled up with direct cotton colours do not rub like 
those in which the cotton is shaded with basic colouft, added 
to which the colour of the wool is not alt^ffd to the same 
extent as when the cotton is filled up with sumac and iron, 
the latter, however, adds w'eight to the pieces. 

The necessity of shading the cotton to the exact shade q| 
tffe wool depends largely on the weave of the piece. If 
the cotton Whq) is well covered, so long as the cotton is 
stained the shade is not of much importance; in cases where 
the cotton shows on the surface of the cloth it is, necessary 
to^matcli the shade of the wool exactly or else the cloth wUl 
have^ mottled appearance. 

2. In this method the weft is dyed with acid colours 
,^d the cotton is subsequerftly filled up in the manner 
ieaSibed irf the previous method. 

3. This method of dyeing in one bath with the addition 
>f Glauber’s salt and soda«.sh, it*should be remembered, Ims 
l^limitations, but whenever it can be employed it will be 
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found considerably cheaper owing to the less^ime required, 
thus savjng labour and increasing the turnout. The colours 
which are successfully dyed on the large scale by this method 
are blacks, browns, drabs, and fawns (gaiter cloth shades), 
scarlets, reds, bordeaux, and some shades of navy blue and 
green. When using the one-bath process the necessity 6f 
thoroughly neutralizing the cloth if it has been stripped can¬ 
not be too strongly emphasized, because if the cloth contains 
any acid, then the colours strike rapidl}’ on the wool, leaving 
the cotton bare. The following points should also he^bome 
in mind: The less liquor employed the less colour is required, 
and vice versa, because, except in light shades, the dyebath is 
nevet exhausted. For the same reason steam-coils are better 
than steam-pipes. The cotton takes the dye better below 
boil, whilst the wool covers better at the boil; when boiling, 
therefore, the baths should not be vigorously boiled, but 
should be kept at the spring boil. The dyer is thus able to 
control the shade within certain limits bj' regulating the 
steam. If the wool is heavy enough but the cotton thin, 
shut off the steam and allow the cotton to feed in the cooling 
bath. If the bath is on the alkaline side, it favours the 
better (fevering of the cotton. In fact, if the pieces have been 
stripped and neutralized, it is advisable to add 1-2 per cent, 
soda ash to the dyebatli to ensure that the bath does not 
become acid owing to the goods being imperfectly neutralized, 
^hilst it also counteracts the property of shoddy that it 
more readily takes up colour than wool which not been 
previcJusly dyed. 

Mixture effects are obtained by leaving the shoddy its 
original colour and staining the cotton on the washing 
machine in a cold alkaline liquor with some suitable direct 
cotton dyestuff. 

Garment Dyeing.—Modern garment dyeing may be 
said to have been made possible by the introdu<!tion of the 
acid and more particularly direct cotton dyesttiffs, Ije&use 
it is wit^i these two classes that the sStisfactory results n<JW 
obtained are produced, foor the introduction of union 
blacks garments were dyed with logwood black, and the 
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full process took five days, whereas it is now possible for 
a garment to be dyed black and returned withm twenty-four 
hours, by use of union blacks. Garment dyers are unique in 
the variety of fabrics which they handle, making a complete 
knowledge of all classes of dyestufis, coupled with a wide 
knowledge offabrics, essential to success. No two garments 
received are alike in their structure or history. They may 
consist of silk, wool, cotton, and artificial silk, all dn the one 
garment. To add to the difficulty the natural silk may be 
weighted and the artificial silk may be of two varieties which 
reflect themselves in the different way they take the dye. 
Moreover, the garments are frequently dirty, faded, and in 
many cases tender, so that it is impossible to dye* them 
without damage or shrinking. It will thus be seen that 
though a garment dyer is ofteji rather contemptuously 
refefred*to as a “ job dyer,” garment dyeing is in reality a 
most difficult section of dyeing. 

In the main the gannent dyer employs two methods of 
dyeing, viz.— 

I. Dyeing the wool and silk in an acid bath with acid 
dyestuffs and fi’ling up the cotton in a subsequent 
bath with direct cotton dyestuffs. 

a. Dyeing in a neutral bath with a con»r>ination of dye¬ 
stuffs suitably chosen to give a solid shade. 

Both methods have their advantages, the second process 
being the quicker and is practically always used for blacks, 
which is the .chief colour dyed in the garment trade. . This 
method is often termed “ soft dyeing,” as contrasted with 
the acid method. The first method is commonly used for 
goods which, are badly faded, as this method gives the best 
regult on faded goods and enables brighter shades to be 
dyed,on bad grounds than is possible by the second method. 
Black is naturally the most important colour for a garment 
Jyer, and is usually dyed by‘the single-bath method. For 
this ^hrpos*e union blacks ready mixed by the colour manu¬ 
facturer are used, and they ar^ dyed with the additional 
Glauber’s or common siTlt: As assistant in the dyebath 
nfany dyers prefer to use common salt to Glauber’s salt, 
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as they claim the former does not soften the»goods like the 
latter. {This has been shown by experiment to be due tp 
the fact that a solution of Glauber’s salt becomes a lkaline 
whilst hot, but becomes neutral again on coolii^, whilst 
a hot solution of common salt remains neutral. It is the 
alkaline condition of Glauber’s salt w'hilst h<St which pro¬ 
duces this softening of garments which has been noticed* 
by practical garment dyers. • 

When dyeing garments by the neutral-bath process care 
should be taken that the garments arc not acid, whiolvjvould 
cause the colour to rush on to the wool to the detriment of the 
cotton. We have met several garments which have been 
in an acid condition, especially in dress goods. The reason 
is because experience has shown that if the wool is left 
slightly acid after dyeing, the colour is less likely to rub 
than when neutral or alkaline. Dyers of dressp goods, 
therefore, often send out their goods slightly acid. The 
desirable properties for a union black to have are as follows;— 

1. It should work for months in a standing bath without 

deterioration of shade. 

2. It should not bronze. 

3. Its shade should be bloomy, so that it gives a good 

black (jK;bad bottoms. 

4. It should possess great covering power. 

5. It should be non-alkaline, so that it does not soften 

the garments. 

In practice it is dyed by two methods, either of which 
gives ^ood results, so that the choice of method must be 
left to the individual dyer. 

1. Dye three-quarters of an hour at 195° F. (90® C.) 

with the addition of 10 per cent. salt. ^ ^ 

2. Enter at the boil, dye 20 minutes at the boil,„shut 

off steam and dye 30-40 minutes in the coolti^ 

bath, 10 per cent, salt being used as assistant. " 

The general methods employed have already *b*W 
detailed earlier in this section, w thJt they need not be 
repeated. • • * 

P17 Djreing.— This is the erroneous Jerm given to tBe; 
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; 43reu^ of gaTOonts in a benzine and methylated spirits 
bath. It is employed for dyeing delicate made-up silks, etc., 
yhich cannot be unpicked, but which would be‘damaged 
if dyed in water. It is a difficult process to carry out, but 
has been much improved of recent years. Farrell published 
in interesting paper in J.S.D.C., May, 1908, to which the 
reader is referred for full details. 

The following is one method used on the big scale. First, 
make a benzine soap as follows; 4 gallons oleic acid are 
saponified witli f gallon ammonia (22 per cent.), finally add 
20 gallons benzine. Make | per cent, solution of the colour 
in methylated spirits, and allow the salt, etc., in the colour to 
settle, then pour off the clear solution—all the colours do 
not dissolve perfectly clear, but go clear when added to the 
benzine soap—and this solution of colour will mix in any. 
proportion with the above benzine soap. The depth of 
shade obtained depends upon the strength of the solution 
and length of time of dyeing; after dyeing, the shades may 
be washed in benzine .without loss of colour. 

All the basic dye tuffs are soluble in methylated spirits, 
but preference should be given to those acid and other 
colours which are sufficiently soluble in methylated spirits 
for this purpose. Several colours of the sulphonated tri- 
pheaylmethane class are suitable for this purpose, such as 
acid violets, acid greens, patent blues, etc., whilst spirit 
induline and nigrosine are also used. 

Tin-weighted Silk.—This material is a constant troul 3 e 
to garment dyers, because it so frequently tumbles tc pieces 
when being re-dyed. This is only to be expected, smce the 
so-called silk contains at least as much tin compounds as 
natural silk'. A simple test to distinguish between un¬ 
weighted and tin-we^hted silk is to. boil some with a little 
alizarine orange paste. If the silk is tin-weighted, the silk 
'.'.to be coloured bright orange, owing to the combination 
df fhft aKzSrine orange with the tin on the fibre; a pure 
sIUe will only be stained a dull bluish pink. If the silk is 
iugUy coloured the colour shofild be first stripped befofe 
the faist; since tin-weighted silk is dyed mostly with baric 
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colours, repeated extractions with methylated spirits will 
often have the desired result. 

Another test is to boil the silk with logwood and acetic 
acid, when tin-weighted silk is coloured violet due to the 
formation of the tin lake, whilst unweighted silk is stained 
the colour of the logwood solution. » 

The Dyeing of Faded Garments.—The term “ faded 
garment ”, has a double meaning to the garment dyeft A 
gamaent may have been dyed with a fugitive colour, which 
has faded so quickly that the atmospheric influemsqg^^have 
not had time to attack the fibre, v'^uch a garment presents 
no difficulties for the intelligent garment dyer, because he 
is able,to strif. the colour and make a satisfactory job of the 
garment. 

Another garment may be dyed with fast colours, but' 
the fibre itself may have'been badly ‘‘ burnt ” by<(the,sun 
and atmosphere combined, especially about the shoulders; 
covert coatings are a good example In many cases it is 
impossible to dye such a garment any colour but black, 
which is the garment dyer’s salvation, because fades usually 
cover up in black, and do not shojv like they do in green, 
navy blue, and brown. 

The following notes deal in detail with the comparative 
b*ehaviour of the different classes of dyestufis to faded and 
non-faded wool. 

Basic Dyes. —Typical basic colours, viz. chrysoidine, 
magenta crystals, methyl violet, and malachite green, have 
a very# much increased affinity for those portions of the 
wool which have been exposed. 

The basic colours all dye the faded portion a heavier 
shfide, but no such definite rule can be laid down for the 
other classes of colours. 

Direct Cotton Dyes.— These are, of course, of grat 
importance in the garment traSe, as the basis of all unidh 
dyeing and for the purposes of filling up the cotton lirih^s 
, and stitdungs in garments of which tlte wool and silk have 
b?fen dyed with acid colouil. These colours obey no hard- 
and-fast rule. Chrj'sophenine dyes the faded flannel l%hter, 
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but chlorazol, red A dyes both faded and unfaded flannel 
a practically uniform shade, allowing for the fact that the 
faded portion must from its very nature be expected to dye 
flatter, since all the dirt is not removed from it. Chlorazol 
deep brown B and chlorazol green G both dye the faded 
flannel verytnuch heavier. Brovfn and green are the two 
shades which, apart from navies, show up the fades worst in 
actual garment-dyeing practice. 

The comparative affinity for the faded wool depends a 
great dpal on the percentage of dye used. Thus chlorazol 
red A dyes much lighter on the faded wool in a light shade, 
whereas in a full shade it is level. Chlorazol deep brown B 
and chlorazol green G also behave difierently according to 
the depth of shade. 

* Direct cotton colours dyed at 110° T. (45° C.) show that 
th«^ same thing which happens ?it the boil takes place at 
lower temperatures, such as are used for filling up the cotton 
linings and stitchings. This property is often very annoying 
to the garment dyer, because he may have got a perfect 
job in dyeing i he v' ol and silk, but may find on takmg the 
garment out of the cotton filling-up bath that the colour 
has flushed on to the faded portions, and so spoilt the 
job. ,. 

Mordant Dyes.—These dye on fades, though they are 
not practical politics-in the garment-dyeing trade. Usually 
the chrome-mordant method gives a more favourable result 
than the sifgle-bath method from the point of view of 
levelling, ^'his confimis the ordinary loose w'oo!-dyeing 
experience, viz. that chrome mordant alwa5'S gives the 
most level re;>nlts on badly mixed wools. Alizadine yellow 
BN gives favourable results ; alizadine orange M gives p%ss- 
at)le but less favourable results. Alizadine brown M gives 
a very bad result by the single-bath process, whilsMhe result 
tt'n chrome mordant is in contrast very good. This result 
with alizafline brown M is rtnexpected, because in ordinary 
wool-dyeing it gives' very level results even on mSsed wools.. 
When the same three colours a're dyed by the top-chromlog 
process, alizadine brown M dyes the fades much heavier, 
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wliilst alizadine yellow BN and alizadiiie orange M give 
quite good results. 

Alizadine red WB on a chrome mordant dyes the fades 
much heavier than the non-faded wool, whilst alizarin 
cyanine ND extra gives verj’ level results, especially for 
a navy. 

Here again no hard-and-fast rule may be laid down 
but each individual colour has to be tested to see how it 
behaves on faded wool. 

Acid Dyes.—These arc of paramount importg,^e in 
the garment trade. It may be said at the outset that no 
hard-and-fast rule can be laid down for their behaviour 
towardf faded‘wool, some are very bad and some are very 
good. Experience has gradually taught the garment trade 
which colours give them good results, and it is with the help ’ 
of this class of colour that*the best results are obtaiiie(4,on 
faded garments. 

Some acid colours are utterly unsuitable for faded work. 
Fast acid red RH dyes the faded portion a much flatter and 
yellower shade than the unfaded portion. Fast acid blue 
RH goes much heavier on the faded |3ortioii. XL brown RH 
is an extreme example of an unsuitable colour, the faded 
portion being dy^d very much heavier than the unfaded 
portion. 

Three colours which are great favourites with garment 
d^rs, owing to them covering the fades equally as well as the 
non-faded portion, are indigo extract, XL fuchsine 6B, and 
acid magenta. In these cases there is no line of demarca¬ 
tion visible between the faded and unfaded portion, thus 
proving their suitability. Many other acid dyes are equally 
suilable. 

Colours in which my results on this artificially exposed 
flannel differ absolutely from gamient-dyeii^ practice are 
those belonging to the sulpboncyanine class. •Garment 
dyers vary in their attitude to these dyestuffs, *bat SDlhe 
.condemn fiiem, because they say it rush* on to the fades and 
dyes them much darker. My tes^ always show the reverse 
(and I have repeated the tests again and again), the faded 
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portion always being lighter, whether (lys'd neutral or add; 
acid even accentuates the effect. 

In testing acid colours on fades one can get’a variety 
of results with one and the same colour, according to the 
aridity of the d5'ebath. 

Again, arid colours which dye' level on fades in an acid 
bath do not dye level in a neutral bath. This, of course, 
confirms garment-dyeing experience, viz. that the acid bath 
is the best medium for covering up the fades, and is always 
to be ^preferred to a neutral 1 .ath for faded work. The union 
colour dyeing all fibres in one bath is in theory the garment 
colour par excellence, but in practice its behaviour on fades 
prevents its universal use. 

It is also unfortunate for the garment dyer that a strongly 
‘acid bath should cover the fades better than a weakly acid 
balji, because he naturally wishe*s to keep the acid down to 
a minimum to prevent tendering of the cotton stitches and 
linings. Hard boiling also favours the covering of fades, 
'but this again is detrimental to the garments by stretching 
them out of shape, a.id also by fonning steam pockets which 
burst the seams. 

Vat Dyes.—The results of indigo and suJphi(Se blacks 
dyed in the hydrosulphite vat are mos^ striking in that 
ind^o practically does not dye faded flannel at all, whilst 
sulphur blacks dye the faded flannel heavier than the non- 
faded. These absolutely contradictory’ results show h^w 
difficult it is, to build any theories on exactly what happens 
to the wool fibre on exposure to the atmosphere. 

It is an interesting speculation as to what happens to the 
wool fibre during the exposure. If the exposure is at all 
proloirged, th» surface fibre becomes very- brittle, and ,.by 
bru^ring the flannel with a strong brush all the surface 
fibres may be brushed away, leaving the wool very’ bare, 
'fhe same thing happens in a* dyed faded garment; if you 
scrSite the Surface with a knife the wool underneath is found 
to be dyed the normal shade. '■ 

I have cotne to the conclusion that there is a parted 
destruction of the amido groups. If exposed flannel is 
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diazotized and then coupled with a-naphtlprlamine, the 
faded portion is much less strongly coloured, which points 
to the destruction of amido groups. 

Now, what is the remedy for tins faded trouble, i.e. a 
remedy which may be applied in actual practice to garments, 
many of which are received in a tender condition ? 

Every conceivable remedy I could think of has been 
tried, but f without meeting with any success. The best 
result,obtained was by chlorinating the flannel pre\dous to 
dyeing. It is, however, not to be recommended for tT^;^tiag 
faded garments in practice, as the fibre is very much affected. 
It makes the faded portion slimy and excessively tender, 
which, pf course, must be avoided at all costs. 

Patterns submitted to a reduction treatment (boiled 
with sodium sulphite), superficially seemed to have given 
a good result, but the fa'ded portion was very harsh;to 
handle and felt bare, and closer investigation showed that 
the result w'as simply due to the alk.s Unity of the sulphite 
baths, which removed the surface fibres from the fadod 
portion. Treatment with weak alkali produced exactly 
the same result. 

Bleaching with sodium bisulphite produces no improve¬ 
ment, nor does stripping with sodium hydrosulphite. 

* The experience of the garment trade has shown an oxida¬ 
tion treatment to be the best remedy for cutting up the 
fades. My experience on the artificially faded flannel does 
not confirm this, showing how difficult it is to get on common 
ground jn this subject. ‘ 

Patterns bleached with hydrogen peroxide show that this 
treatment makes the fade resist the colour. Permanganate 
haj no effect, whilst stripping with bichrome*and sulphuric 
acid accentuates the difficulty by making the contrast 
between the faded and unfaded portions greater. 

Nitric acid cuts up the fades very well, but it alsU 
unfortunately tenders the cotton stitcWngs andffinii^.'so 
_^that it is'not practicable to use it fof garment work. It 
odcurs over and over again* in ffided work, that the best 
agents for correcting (or cutting up, as itjs termed) the fades 
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cannbt be on garments because the process would 
tender the garments. 

The garment dyer alleviates the problem choosing 
the dyestuff which experience has shown to give the best 
results in practice. If the job comes out too bad to return, 
Ihe dyer suggests that it should be dyed black, which usually 
covers up the fades, because, as already stated, black does 
not‘often show up the difference between thcofaded and 
non-faded portions. 

Jbe Lodge-Evans Process.—The author has already' 
given reasons in Section VIII. why he does not consider this 
process of practical importance for the dyeing of wool, but 
he does consider that it will be of great utility in.certam 
processes of union dyeing, so he has reserved the full dis- 
* cussion of this process for this section. The Lodge-Evans 
prqpesiis so called after its co-p 5 tentees, Messrs. Lodge and 
Evans, of Huddersfield, who took out two patents in 1914. 
The process depends on the fact that sodium sulphite will 
'■dissplve sulphide dyestuffs to a perfect solution, yet this 
solution has no dyeing power. If ammonium sulphide or 
sodium hydrosulphite is now added to this solution the 
dyestuff reduces to its leuco compound, and will* now dye 
silk, wool, and cotton at suitable temperatures. The question 
at once arises, why not leave out the sodium sulphite, siyop 
the sulphur dyestuffs may be reduced with the ammonium 
sulphide or sodium hydrosulphitc alone? This is qqite 
correct, but the baths do not kce]i*in condition so well nor 
are thej' a« easy to work. Sodium sulphite has a very' 
favourable influence on the condition of the bath, mgHtig 
them very much easier to work. 

The Lodge-Evans process is, therefore, a vat dy^g 
process, and it requires the same precautions to be taken. 

colour must be perfectly reduced or else shades will be 
dbtainedwvhich will rub ba&k, and the requisite mechanical 
prlcautioils must be observed in seeing that the goods are 
evenly squeezed anti are not allowed to lie abdut with a 
surplus of liquor in them.*. 

As has been previously stated, the dyeing of unions is 
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a matter of temperature, and it applies equally to this 
process. If dyeing is carried out cold the cotton only is, 
dyed, whilst the wool and silk are only stained; if the 
temperature of the bath is raised the wool and silk become 
more and more dyed until a temperature is reached at which 
a solid shade is obtained. This temperature varies with.the 
different colours. Sulphur blacks give solid shades about 
150“ F. (65° C.). Sulphur blues, greens, browns, and yeSows 
give,solid shades about 100° F. (40° C.). It is the author’s 
experience that the wool is more or less tendered whej),, dye¬ 
ing solid shades whether it is dyed by the ammonium sul¬ 
phide or hydrosulphite reduction, and is therefore of opinion 
that it^will nolsbe largely used for .solid shades. However, if 
dyeing is carried out cold the wool is not tendered and tlie 
cotton only is dyed. It is this particular a])plication which 
will be most useful becaus\; it opens great possibilities< It 
makes possible the dyeing of cotton warps already woven 
into pieces in fast shades wdiich will nithstand cross-dyeing 
the weft in an acid bath. 'I'his enables solid or shot effaets 
to be obtained at will. It also enables union jiieces to be 
woven in the grey and the warp to^be subse(iuently dyed a 
large range of fast colours instead of dyeing in the warp form 
and w'eaving the coloured warp. It also enables the cotton 
to be filled up subsequenth to dyeing the wool with faster 
shades than it is possible to get with the average direct cotton 
dyestuffs used for this purpose. The only defect of this 
process is due to the fatt that all suliihur yellows possess 
such pcvrr fastness to light compared with the other members 
of the sulphur group. 

The following is the method of carrying out the two 
reductions:— 

Ammonium Sulphide.—Boil the colour with twice ils 
weight of sodium sulphite cryst., then add its own weight 
of sodium sulphide cone., and bofl till the colour is in perfect 
solution. Cool down the bath and add double the wei|ht 
of ammoftium sulphate as sodium sftlphide cone., when 
aAmonium sulphide and soHiunC^lphate are“prodnced in 
the bath by double decomposition. 4ipimonium sulphide 
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has not the ^ same tendering action on wool that sodium 
sulphide has. 

Hydrosulphite. —Boil the colour with four* times its 
weight of sodium sulphite cryst. till the colour is in perfect 
solution, allow the liquor to cool, then add equal weight of 
hydrosulphite powder cone, to that of dyestuff, when the 
colour will be completely reduced. 

it is necessary when boiling the colour with spdium sul¬ 
phite to use only a small quantity of water in order to get 
the cjjJour into solution. Formaldehyde compounds of 
hydfosulphite must not be used because formaldehyde acts 
on the colour and destroys its affinity for the dyestuff, 
whilst caustic alkali is also split off into tlie bat^. The 
hydrosulphite method yields a much cleaner bath than the 
'ammonium sulphide one, whilst the smell of ammonium 
sulj^de is decided!} unpleasadt. When dyeing sulphur 
yellows by the hydrosulphite process it is necessary to add 
a little caustic alkali to the bath to ensure perfect reduction 
■■^1 tl:" dyebath. Qn artificial silk ammonium sulphide 
gives much fuller shades cold than with hydrosulphite, but 
the latter preserves the lustre much better. The hydro¬ 
sulphite process deserves serious consideration for <)he dyeing 
of sulphur dyestuffs on artificial silk, because the bath may 
be worked cold and the lustre is much better preserved tlmn 
when either sodium or ammonium sulphide is used. 

On cotton and artificial silk mixed goods this process 
gives excellent results from a cold bath. Direct cotton 
dyestuffs aae used as a rule for this purpose, but it is well 
known that it is very difficult to dye solid shades on the 
cotton and artificial silk due to the much greater affinity 
of the arti£cial silk for the dyestuff. This difficulty is nothing 
lite^ so pronounced with sulphur dyestuffs dyed by this 
jjtncpss. Goods after being dyed by this process should be 
ttashed off, soured, then again washed before drying. 



Section XI.—COLOURS PRODUCED ON 
THE FIBRE BY THE OXIDATION OF COAL 
TAR PRODUCTS 

The colours described in this section are not dyestuffs in 
the same sense as those described in the previous sections, 
but tlEiv find a proper place in a book of this nature, since 
they are produced on the fibre by oxidation of coal tar, 
products. Some member^ are of the highest commercial 
importance and they are characterized by excellent ^asUaess 
to light and washing. They find their chief application 
on vegetable fibres and are rarely applied to wool and 
silk. 

The predominant member of this group of colours is 
aniline black, which is produced on the fibre by the oxida¬ 
tion of aniline oil or salts by methods described hereafter. 

Aniline Black 

isvine of the fastest blacks to light, washing and bleaching 
(single-bath aniline black is not fast to bleach^g) known to 
the dyer. Its only rival in fastness is sulphur black, which 
will not stand bleaching. Both sulphur black and aniline 
black are extremely fast to light: the autho? has made 
prblonged comparative exposures of a prussiate <aiiilrie 
black and a sulphur black, but there was practically nothing 
to choose between the two after six months.^ SulpE^ 
black is, however, much more quickly dyed than a^ide 
black. The possible tendering of sulphur black is a dis- 
‘ advantage as compared wh:h aniline black. „ The fibre is 
usually tendered to a certain extent when dyed with anili^ 
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black, but t^e tendering is definite and not progressive, 
whereas the tendering of sulphur black once it starts is 
progressive. 

Aniline black is dyed in enormous quantities on cotton 
yam, hosiery and cotton pieces: it is practically never 
Byed on loose cotton except on a sulphur black bottom, 
as detailed in .Section VIII. Aniline black is not a com¬ 
mercial article, but is produced, as already mentioned, 
on the fibre by several different processes. The basis is 
anilngooil or aniline salts (aniline hydrochloride), which 
are supplied by the coal tar colour manufacturer in a state 
of high purity. The manufacture of both the oil and hydro¬ 
chloride have been firmly established m Great Britain 
for many years, and in this branch of chemical manu¬ 
facture the British product has always held its own against 
that of .Germany. * 

The industrial application of aniline black was dis- 
coT^ered and developed by John B^htfoot of Accrington, 
it was at the Broad Oak Print Works of that town 
in which the first uieces were printed with aniline black. 
The methods employed by Bightfoot form the basis of 
modem practice. In his book entitled “ Chemica) History 
and Progress of Aniline Black ” a full account of his work 
on this subject is given, to which the reader is referred for 
further details. Bightfoot’s first patent on the subject was 
E.P. 151, 1863. It is mteresting to note that aniline ^oil 
was a chemical curiosity at that time, and cost 15-20S. 
a pound against a pre-war price of 4i(f. 

Aniline black has always held a strong fascination for 
the chemist, both from a commercial and scientific point 
of view, so* that the literature on the subject is sufficient 
to*fill volumes. The classical work of E. Noelting and A. 

has been published in English, and their book on 
""Anilin Schwarz” gives a detailed study, to which the 
reader jaaf refer. The constitution of aniline black was 
sstaUished by A. G. Green and his collaborators in 1913, 
when it wa» shown tb?t tlfe oxidation of aniline {0 
uulihe black may be assumed to proceed by a series 
N. II 
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of “ quinonoid ” additions, according to the following 
scheme:— 


C|H|N;C|H 4 : NH (Cwo* 8 yellow imlde) 

4 - +o 

C,H,N:C,H4:NC,H4NHC,H,NH,-»C,H,N:C,H,;NC,H,N:C,Hi:NH 
(WUlftatter'i blue imide) (Willstutter’e red imlde) 


C,H5N:C.H4:NCeH4N;C,H4:NC,H4NCeH4NHCeH4NHC«H4NH,{Emeraldlnc) 

Si 

C,H,N:C,H4;NC,H4N:C.H4;NC,H4NC,H4NC4H4NHC„H4NHs(SigriinUi™) 

+C,H^NH4 

Aoilme black 

H Cl C.H. H Cl C,H. H Cl C.H, H 

I. \/ I \/ I \/ I 

N N N N N N N 


s/ \/\/\/ \/V 

N N 


'vvvw\/\/\ 

./\/ \A/k/' *\A 


For the arguments and experimental data for the above 
formulae the original paper must be consulted (J.S.lLC-r, 
iqi3, pp. 105 and 338). 

The formation of aniline black by the acid oxidation 
of aniline oil proceeds in three well-recognized stages in 
practice. The first stage results in the formation of emerald- 
ine, of which the free base is blue but its acid salts are 
bottle green, which is the colour of the cotton as it comes 
out of the “ ager ” when being dyed aniline black by the 
ageing process. The second stage of the oxidation converts 
the en?eraldine into nigraniline, of which the free base is 
dark blue and the salts blue. Nigraniline is immediately 
reduced by sulphurous acid to emeraldine, which results 
in, the black being turned green. The final stage of the 
oxidation converts the nigraniline into the so-called uhgjre?n- 
able aniline black because it is not reduced by sulphutfius 
acid to emeraldine: when reiiuced by hydrosulphite tar- 
greenable aniline black changes to brown, which^ otf ex- 
, posure t<5 the atmosphere is reconverted into black. 

* The above reaction <ff nigraniline and ungreenable 
aniline black has given rise to the tejms greenable and 
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ui^p'eenable black. The way in which an aniline black 
behaves to sulphurous acid is a test as to whether the 
aniline black has been fully developed; if it Airns green 
the black still contains nigraniline, and has not been fully 
converted. One bath aniline blacks are turned green, but 
'properly dyed aged and steam aniline blacks are ungreen- 
able. It is, therefore, a common trade test to submit 
aniline blacks to a sulphurous acid treatment in order to 
determine whether it will turn green or not. An .aniline 
black, dyer is judged successful or otherwise according to 
whether his results turn green or not. 

Aniline black is dyed on the commercial scale by three 
distinct processes,, viz.:— 

1. Single bath aniline black. 

2. Aged aniline black. 

•3. Steam aniline black. 

Before giving recipes for the above three processes it 
is necessary to explain that the recipes for aniline black 
- ar«> legion, therefore, the recipes given hereafter are capable 
of being variea withiTi wide limits. 

The successful dyeing of aniline black on the big scale 
calls for great skill and constant attention on the part of 
the dyer to obtain satisfactory results,without tendering 
the cloth. Aniline black demands the presence of mineral 
acid for its production, so that it will readily be seen that 
there is always a danger of tendering the material. Ijrcal 
conditions jp processes 2 and 3 play a very important part,, 
so that a recipe which is satisfactory in one dyehouse often 
turns out unsatisfactory in miother dyehouse. Recipes 
have to be altered to meet these conditions, which explains 

the variation to be found. 

• 

SlNGI,E BA|H ANn,INE Bl,ACK. 

«Tbjs.. process is the easiest to carry out, but the least 
satisfactory in its results. The black is fast to light an^ 
milling, bu1>. is turned, green* by sulphurous acid, always 
xubs, and is not fet to bleaching. Despite these drawbacks 



iH COAL TAR DYESTUFFS 

large quantities are dyed on yarn—paiticnlgrly for the 
Eastern e:jport trade : it is but rarely dyed on loose cotton 
or piece goods. 

The shade produced is controlled by three factors— 

1. Proportion of liquor to material. 

2. The temperature to which the dyebath is vaised. 

3. The aftertreatment to which it is submitted. 

The higher the proportion of liquor to material, 'the 
more 'aniline oil is required for the same depth of shade. 
The following recipe is atypical one for a single bathAuiline 
black:— 

For«ioo Ibsl cotton yam— 

10 lbs. aniline oil. 

10 lbs. spirits of salts. 

10 lbs. iron liquor. 

10 lbs. D.O.V. 

20 lbs. sodium bichromate. 

The bath is made up as follows: the bichrome is dis¬ 
solved in hot water and added to ^he cold dyebath, next 
the iron liquor, then the D.O.V., and stir the bath well. 
Tlje aniline oil aqd spirits of salts are mixed together in 
a bucket along with a little water to keep the fumes down. 
The mixture is stirred until the aniline is completely dis¬ 
solved. This operation is best carried out in the open air 
because the fumes are poisonous, and inhalation of the same 
should be avoided. This solution of aniline hydrochloride 
is added to the dyebath immediately before the yam is 
entered into the bath. It must not be qdded to the bath 
and then time allowed to elapse before the yarn is entered, 
because immediately the qniline is added, the fonnatidia 
of aniline black commences, which would simply be 
dpitated in the dyebath and'be wasted. After <he yarfl 
is entered work for oqe hour cold, and then raise* sk!!vly*hp 
•ti^the boil,'^ out and wash off thordughly to remove all 
add. The tmperature to wfeich fhe bath is ra&ed plays an 
important pa^in the ultimate shade «£ black obtained. 
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If the temj^ature is only raised to 140® F. (60° C.), fM 
shade is much redder than if it is raised to the boil, but 
the latter will be dustier. After washing ofi the yam is 
either soaped or treated with an emulsion of oil, which 
improves the shade considerably. Alkali reddens the 
shade, so that, unless a bronzy shade is required, it should 
not be used in after-treating aniline black. 

A large quantity of aniline black yam is exported 
from Great Britain to the East: the author hq^ dyed 
largo,, quantities for this purpose to the following two 
recipes;— 

Aniline Black Bronze. Shade.—For 100 lbs. cotton 
yarn— 

4J lbs. aniline oil. 

4! lbs. spirits of salts. 

4I lbs. D.G.V. 

4I lbs. iron liquor. 

9 lbs. bichrome. 

120 gallons water. 

Enter the yarn cold, work one hour cold, raise up to 
140° F. (60° C.) in hair an hour, wash off, then soap for half- 
hour at 140° F. (6o“ C.) with 10 per cent, soap, % per cent, 
soda ash. 

Aniline Black ,Dead Shade.—For 100 lbs. cotton 
yam— 

5 Ids. aniline oil. 

5 lbs. spirits of salts. 

5 lbs. D.O.V. 

5 lbs. iron liquor. 

10 lbs. bichrome. 

120 gallons water. 

i,,-,. Enter the yam cold, work one hour cold, raise up to 
" boil in half an hour, waAi off, then soap for half-hour at 
C.) with 10 per cent. soap. 

The dead shade was always much dustier' and dirtier 
than the bronze shade. 

On first entering the yarn into the bath it is yellow— 
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the colour of the bichrome solution—^which colour gradually 
turns green and finally black. Blacks dyed this way are 
turned gre^n by sulphurous acid: they are not fast to 
chlorine and rub badly. They are fast to light and milling. 


Aged Aniune Black. 

This process is applied the most largely of the three 
processes for dyeing as distinct from printing. It is^used 
for pieces, hosiery and yarn, and yields an excellent shade'of 
blade which is fast to light, washing and bleaching, whilst 
it is not turned green by sulphurous acid. 

The principle of this process consists' in impregnatmg 
the cotton with aniline salts, an oxidizing agent, an oxygen 
carrier, and a hygroscopic substance. The oxidizing ^geft 
which is almost universally used is sodium chlorate, which 
is to be preferred to the potassium salt owing to its greater 
solubility. The oxygen carriers employed are copggj;, 
sulphide, copper sulphate and vanadium chloride. The 
hygroscopic substance used is ammonium chloride, and its 
function is, by its hygroscojiicity an‘d dissociation at the 
temperature of the ager to start the reaction. 

The following fecipes are only given as typical re¬ 
cipes, which may be varied to suit local conditions 
obtaining— 

Ahiline Black with Copper Sulphate. —This recipe 
lives a faft to bleaching aniline black on yarn. 

Use wooden or stone vessels throughout; no metal 
must be present. 

Dissolve— 

6o parts aniline salt in 320 parts water, and make 
perfectly neutral, if negessary, by addition of* 
aniline oil. * 

2i parts copi)er sjilphate in 50 parts water. 

19 palts sodium chlorate in 37 parfs water. 

2 parts ammonium chWrideJln 12 parts water. 

24 parts aluminium acetate 15° Tw. *■ 
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Mix together and the resulting liquor will stand about 
12° Tw. Pad the yam in this liquor 2 lbs. at a time, and 
wring out so that it holds its own weight of liquor. Dry 
in a stove at 95° F. (35° C.) on sticks which have been 
saturated with the above liquor in order to avoid stick 
•marks: tnai the yarn every two hours (the workman must 
have dry hands, wet hands will make finger marks): when 
dry, let steam into the stove till the dry bulb shows 95° F. 
(35° C.), and the wet bulb shows 86 ° F. (30° C.). Keep at 
this ^temperature for six hours, by which time the yarn 
should have turned to a dark bottle green ; chrome quarter- 
hour at 180° F. {80° C.) with 4 per cent, bichrome and i per 
cent, sulphuric acid, which treatment turn? the yarn to a 
jet black, wash ofi and finally soap quarter-hour at 180° F. 
(80° C.). 

•Aniline Black with Coppter Sulphide.—Copper sul¬ 
phide in the form of a paste is used as the oxygen carrier, 
and is made by the double decomposition of copper sulphate 
and^ sodium sulphide as follows : 37 J parts copper sulphate 
are dissolved m 150 i.>arts water, to which is added 39 parts 
sodium sulphide crystals in 100 parts water; filter and press 
the paste till it yields 54 parts, in which concentration it is 
used. 


15 parts aniline 3alts made neutral with aniline oil. 

5 parts copper sulphide paste. 

5 parts sodium chlorate. 

75 parts water. 

100 

The strength of the padding liquor is determined by the 
q ualit y of the doth. The cloth should be so squeezed that 
i^. retains its own we^ht of padding liquor. The cloth is 
■dried, given a three-midutes’ passage through the ager 
af •y.«°. J. (60° C.), then chromed and soaped. The black 
may also be developed by hanging, when it nat-orally takes 
much longer, but th,e' danger of tendering is gresftly 
•minimized. 
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Aniline Black with Vanadium Chloride. 

8 parts aniline salts, 
ij parts aniline oil. 

4 parts sodium chlorate. 

5 c.c. vanadium chloride solution, 
8i J parts water. 


100 

The cloth is padded with the above, dried and developed 
by a two-minutes’ passage through the ager at aoo'’ F. 
( 95 ° C.), or by hanging. A subsequent treatment with 
bichrome is not necessary. 

Vatfadium chloride solution is made ai follows :— 

8 grs. vanadate of ammonia are dissolved in 40 grs. 
spirits of salts and 80 c.c. .water, then reduced by warming 
with 10 grs. glycerine till the solution turns blue, Aen 
dilate with water to 2 liters. 

The amount of vanadium required is extraordinarily 
small: it has the drawback, however, compared'^ith 
copper sulphide, that being soluble the padding liquor 
commenqes to oxidize much niore‘ quickly and therefore 
it is not so stable. Copper is therefore much more largely 
used than vanadiilm. 

Green’s Aniline Black Process.—In 1907 Green took 
out a process by which it was claimed to be pc»sible to avoid 
tendering of the fibre. .As far as the author's knowledge 
‘ goes, it has not been adopted commercially in Glyat Britain. 
The patent is, however, given in extenso, since the proc^ 
is interesting. 

The invention relates to the production of an aged 
aniline black in dyeing or printing, the new process difiieri)!^ 
from all other known processes by the fact that the oxidatj^ 
of the aniline is efiected solely tor mainly by thf oxygen" 
of the air. The possibility of dispensing with an^jgdhdog 
agent and*thus of avoiding the tendering or weakening 
^he fibre due to oxycelluloas fojmation, depends on the 
di»x)very that the addition of a small qtjjmtity of a parat 
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diamine or a para-amidophenol to a mixture containisg 
aailiae and a suitable oxygen carrier, such as a salt of 
greatly accelerates the oxidation of the aniline by 
atmospheric oxygen. 

Further, whereas in the ordinary processes of pro* 
dttcing an ‘iaged ” black the quantity of mineral acid 
employed cannot be materially reduced below the proportion 
of one equivalent to one equivalent of base, under the new 
conditions here set forth a mixture which is strongly Jiasic, 
contaiaing, for instance, as little as half an equivalent or 
less of hydrochloric acid, may be used with satisfactory 
results. Still further, the hydrochloric acid or other 
mineral acid may be wholly or in part replace^ by an organic 
acid, such, for instance, as formic acid, without materialljj, 
affecting the quality of the black obtained. In either case, 
wh|the’‘ a basic mixture is empSbyed or a mixture contain¬ 
ing an organic acid, the tendering of the fibre by free mineral 
acid liberated during ageing or steaming is avoided, even 
when^bese operations are unusually prolonged. As suitable 
oxygen carriers, the chlorides of copper have been found 
to give the best results, and in order to prevent the pre¬ 
mature formation of oxidation products in the* padding 
or printing mixture, it has been found preferable to employ 
the copper in the form of a cuprous salt. A convenient 
method of effecting this is to add to the mixture cupric 
chloride or other cupric salt, together with a sulphite or 
bisulphite in quantity sufficient td reduce the cupric salt 
to the cuprous state, and a sufficient amount of a soluble 
chloride such as sodium, potassium, or ammonium chloride, 
to keep the cuprous cHoride in solution. Mixtures thus 
prepared are quite stable and remain clear and colouijless 
on fxposure to air for a considerable period. Just as in 
th« ordinary method of producing aniline black, so here 
ktto the nniline may be replaced wholty or in part by tolu- 
idift*^ in&ta-xylidinc. 

The mixtures cofhposed as above are applied*to textile^ 
ibres and fabrics in the.ilsual Wnner, namely, by paddifl^ 
ir printing. In the latter case the mixture is suitably ; 
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thickened. The black»is then developed by expcMtire of 
the material to air, which may be effected either by pass^ 
through the ordinary rapid ager, by hanging in a moist 
atmosphere, by steaming, or by any other convenfent 
means. Finally, the material is washed and dried; or it 
may be subjected to a final oxidation by means ef bichromate 
or to any other aftertreatment which is deemed desirable 
either to ijiodify the shade or to render the black less liable 
to “ green.” 

Amongst the paradiamines and the para-amidqphenols 
suitable for this purpose the following are mentioned:— 
Paraphenylenediamine and its sulphonic and carboxylic 
acids, ^ para-amidophenol, dimethylparaphenylenediamine, 
para-amidodiphenylamine, benzidine, diamido-diphenyl- 
methane, quinone monoimide, quinone di-imide and tlidir' 
chlorides, paranitrosopheifbl, nitrosodimethylaniline, jj3.ra- 
amidophenyl-quinonimide, and then analogues, homo- 
logues, or derivatives. 

The following examples are given ;7- 

(1) The padding mixture is prepared by adding a solution 
composed of 48 parts cupric chlori<^e, 140 parts ammonium 
chloride,*and 14 parts sodium meta-bisulphite in 500 parts 
cold water, to a solution composed of 50 parts aniline, 2 parts 
paraphenylene-diamine, 15 parts hydrochloric acid (30 per 
cent.), and 15 parts formic acid (90 per cent.) in 1,500 parts 
cold water. 

(2) The padding mixture is prepared by adding a solution 
prepared as in example (i) to a solution composed of 50 parts 
aniline, 4 parts paraphenylenediamine, 30 parts formic acid 
{90 per cent.), in 1,500 parts cold water. , 

j[3) The padding mixture is prepared by adding a .solution 
prepared as described in the first part of example (i),to a 
solution composed of 50 parts aniline, 4 parts paraphenyleae-^ 
diamine, and 50 parts hydrochibric acid {30 percent.) Ih 
1,500 parts cold water. 

It is cfaimed that by the new procAs a fuller utilization 
of the aniline is rendered pbssitile, the danger from spon¬ 
taneous infiammation is removed, the ri^ of injury to the 
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vrakpeopk is^ greatly diminished,*the manufacture is 
simplified, and greater speed of productidn is attainable. 
The action of the paradiamine or para-amidopkenol is 
believed to be a catalytic one, since the quantity employed 
need only be small in proportion to the aniline, and may be 
varied within«wide limits. It is thought that these sub¬ 
stances bring about the oxidation of the aniline by inter¬ 
mediate formation of complex indamines, from which they 
are constantly regenerated.—Engl. Pat. No. 16189, 1907 « 


Steam Aniline Black. 

This third jiroce^ for the production of aijilinc black is 
more largely used in calico printing than in dyeing, though 
this process is used for dyeing pieces. The black produced 
by thjp method is reputed to be less greenable than the “ aged ” 
black, whilst the danger of tendering the fabric is also less. 
The padding liijuor may also be keirt longer without forma¬ 
tion of^aniline black.^ It does not develop so far in the 
steaming as an aged black and therefore requires to be well 
after-chromed. The following is a typical recipe:— 


{ 84 parts aniline salt neutralized, if necessary, with 
aniline oil. 

300 parts water. ^ 


II. 

III. 


49 parts yellow prussiate of potash dissolved in 
300 parts water. 

27 pcrts sodium chlorate dissolved in 
300 parts water. 


Dissolve •each ingredient separately and when required 
mi» together in equal portions. Pad, dry, steam 2*3 
minuffes, then chrome at 120° F. {50° C.) with J lb. bichrome 
pfei 10 gallqps. 


Djphenyl Black.” 

This product was intfo^uceti by Meister, Lucius and 
Brfioing in 1892 (D.R.P. 134559), and consisted of amido-di- 
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phenylamine, which pas marketed as dq)h^yi oiaoc oase 
and also diphehyl black oil DO, which consisted of one 
part artido-diphenylamine dissolved in 3 parts aniline oil. 
The advantages claimed for this black over aniline black 
were— 

1. The black was absolutely ungreenable. r 

2. The fibre was not tendered in the least degree owing 
to the absence of mineral acid, whereas aniline black requires 
mineral acid for its development. 

Owing to the considerably higher price of th^roduct 
as compared with aniline oil its introduction has not proved 
a serious rival to aniline black. 

T^e folloryn^ are the recipes for piece dyeing given by 
the makers:— 


A DiPHE^tYL Black Base. 


60 parts tragacanth water 1; 10. 

(75 parts water. 

Standa d parts diphenyl black base dissolved ip- 
. / 50 parts lactic acid 50 per cent., and 

130 parts acetic acid, 49 per cent., are stirred into 
the tragacanth after cooling and made up to 

, 500 parts with water. 

< 


Standard 

B 


' 25 parts aluminium chloride 52" Tw. 
25 parts chromium chloride 52° Tw. 

4 parts copper chloride 76° Tw. 

{ 340 parts whter are mixed with 
30 parts sodium chlorate dissolvedjn 
60 parts hot water and 
^ 10 parts turpentine. 


•• Equal portions of A and B are mixed togethea’. J?he 
standard solutions are stable, and no more should be miz«d 
than can be used each day. ^ 

Pad the cloth to hold its own weight of , liquor, _.dry, 
steam 2^ minutes at 212° F. (ioo“ (J.), wash at 

J40° F. (6o“ C.). Chromiqg is^not necessary, in f^ it is 
detrimental, as it depreciates th 4 Shade. 
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AuhaNE Bi,ack on WoA and Side. 

Aniline black does not develop on wool and sMk like it 
does on vegetable fibres due to the reducing action of the 
fibre. The production of aniline black on wool has attracted 
many investigators—notably Kallab—but it has never 
been made a commercial success. Indeed the author can 
see no place for aniline black—as such—on wpol, seeing 
the very satisfactory range of fast chrome blacks available, 
which jtfactically meet all the requirements of the wool 
dyer. 

There is, however, one special application to wool and 
silk which should Ije included here. It is confined ,to silk 
and mohair pile fabrics, and is used for producing chinchilla, 
and black shades with white tips, and is carried out as 
follows , * 

Black— 

5 parts potassium permanganate. 

7 parts jinc or magnesium sulphate. 

190 parts water. 

Work cold in this solufton 15 minutes, then raise up to 
120° F. (50® C.) in half-hour: wash off and dry. The 
object of the zinc or magnesium stilphate Ts to immediately 
• neutralize the caustic soda which is liberated by the per¬ 
manganate of potash and so prevent it acting on the wool 
or sUk. This bath dyes the fibre a* dark brown due to file 
precipitation W oxides of manganese on the fibre. 

In order to produce white tips the oxides of manganese 
are discharged by what is termed a “ cutting liquor ” made 
up as foUorfrs;— 

3 quarts hydrogen peroxide. 

I pint acetic acid. 

I oz. sialic acid*dissolved in i pint water. 

ThfaTs Btfitably thiokened to preverit it running on the 
fibre when brushed on. Girls specially trained to the work 
the cutting liquor on in any desired des%n. Aft^ 
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the fabric has dried tljp black is developed working for 
ten minutes cold in a bath containing— 

1000 parts water. 

5 parts aniline oil 1 ^ ^ together 
5 parts D.O.V. J ^ogetner. 

The fabric is not black when it comes ou{ of the bath, 
but the development of the black is completed by soaping 
with the addition of a little ammonia at ioo° F. (40'’ C.); 
Whelever the cutting liquor has been brushed on the colour 
will not have developed, so that the fibre is white. ** 

Chinchilla effects are produced on exactly the same 
lines by reducing the quantities of permai^anate and 
aniline* oil emilloyed. 

GENERAL NOTES. 

The cotton must be thoroughly cleaned by a preliminary boiling out 
with alkali before being dyed aniline black. It must, however,*be ^^hed 
free from the alkali, because alkali prevents the formation of aniline black. 
Free mineral acid is necessary for the formation of aniline black. 

A large amount of research has been done on amines other than aniline, 
but none have proved to give such good resuAs. Amido-dipheiylamine 
(diphenyl black base) may be mentioned as the best. 

It has been shown that it is necessary to have free aniline present it 
the last stjige of oxidation in order to produce nngreenable aniline black 
This explains why aniline salts are sometimes added to the chrome bath, 
j Cotton dyed with tniline black usually gains in weight with a maximun 
gain of 10 per cent. 

Aniline black is often dyed on top of sulphur blacks (see p. 112). It is 
less frequently dyed on top of direct cotton blacks. 

( ao6 parts aniline salts correspond to 76 parts of aniline oil. 

Lehne recommends the following reagent for testing aniline black for 
liability^to turn green: 20 e.c. sodium bisulphite 70“ T^, 20 c.c. hydro¬ 
chloric acid 34® Tw., 500 c.c. water. Work 10 minutes cold in this, wash, 
dry and compare with untreated pattern. 


P^iAMiNE Brown, Fuscamine Brown, Ortamine Bro^n. 

The above browns are produced on the fibre fir an 

analwous way to aniline black fr'om— 

* ^ 

Paramine (paraphenylene diamine), D.E.P. 176^62,^§#4. 
Fuscamine G (meta'amido phenol), K.R.P. 210643,1908. 
•Ortamine D (ortho-di-anisWine^, D.R.P. 250466, 261871. 

• b 

The above products were put upon tk: market throt^ 



OXlDATipN OF COAL TAR PRODUCTS 17^ 

the work of ^Henii Schmid of Mq^hotise, who developed 
the recipes given below. It will naturally be thought 
that this would have been carried out earlier, but all results 
obtained by using the hydrochlorides in similar manner to 
aniline salts were not practicable, due to the corrosion of 
fhe fibre, though the shades obtained were particularly fast. 

The followii^ processes yield shades fast to light and 
washing, whilst they have the additional advantage of 
being easily discharged which makes them of speciqj ad¬ 
vantage in calico printing. Paramine gives a red chocolate 
"Drown, whilst fuscamine and ortamine give yellow-brown 
and biscuit shades. 

Padding liquors are made up according 19 the following 
recipes:— 

Paramine Brown— 

•20 %Ts. paraphenylene diamine are dissolved in 
250 c.c. hot water, then diluted with 
450 c.c. cold water. 

li grs. rongalite ^ are now added to prevent oxidation 
of the paraphenylene diamine, then add 
20 grs. sodium chlorate dissolved in 50 c.c. water, 

20 grs. ammonium thloride dissolved in 50 c.c.,water, 

30 c.c. tartar emetic glycerine solution. 

• ^ 

Make up to i liter with cold water. Filter, then add just 
before use, 0-015 ammonium vanadate. 

The tartar emetic glycerine solutiqn increases the stability 
of the above.padding liquor, and is made up as follows :— 

40 grs. tartar emetic, 

340 grs. glycerine, 

620 f.c. hot water. 

Ptlscamine Brown— 

20 grs. meta amido phenol, 

hydrcyhloric acid 30“ Tw., 

4oS^.c. water, 
f 25 grs. sodium chlorate, % 

\ 100 c.c. water. 

T 5 grs. potaesmm ferrocyanide, 

1 100 C.C. water. 
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Mix together and make up to 1 liter. 

Ortamine Brown— 

28 grs. ortho-di-anisidine, 

7 grs. hydrocldoric acid 30° Tw., 

20 grs. formic acid 90 per cent. 

Reduce the ortho-di-anisidine to a pastd with water, 
add the acids and warm till dissolved, allow to cool, add 
20-25 grspsodium chlorate, make up to a liter, filter, add as 
a cattilyst— 

0’4-o' 6 per cent, potassium ferrocyanide or*^ferrottB 
sulphate. 

Pad with any, of the above solutions, dry at 100-120° F., 
^team 3-5 minutes, soap, wash and dry.' 

Paramme brown is a red chocolate brown which is 
so popular as a yellower‘shade; fuscamine and ^rtamine 
brown are yellower shades. The three products are miscible 
one with another, which enables a large range of brown 
and biscuit shades to be obtained. 

Fur Dyeing. 

Thisds a special branch of dyeii^ which falls in this 
section, since furs are largely dyed by the oxidation of coal 
tar products on tJie fibre. The three bases which are most 
commonly used for fur dyeing are paraphenylene diamine, 
para amido phenol, and ortho amido phenol: pyrogallic 
acid is iBed to a lesser extent. 

Owing to pelts being so sensitive to heat'tihe ordinary 
processes of dyeing are inapplicable, therefore fur dyeiiqt 
is carried out cold in order to preserve the pelts. The 
products enumerated above are put on the market under 
several fancy names, such as Ursol, Nako, FurrdC’ Ac. 
Paraphenylene diamine is the most important prodaclt.for 
black dyeii^. 

The dyeing of furs is a difficult hrm^ of d3:)‘ingjDy^ 
requires |reat skill, coupled with expedience and kaofwte^^ 
of the furs. The preliminai^ prbcpss in fur dyeing is ie( 4 « 
nkally called "^ling," which is in reality a degeea^ag 
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operation, so that the individual fibres will be in a fit con¬ 
dition to absorb the mordant and dye liquors. The ehetwieals 
used for this purpose are lime and soda, the former giving 
the better result. The skins are soaked for 2 hours in a 
cold bath containing i lb. lime to 10 gallons water. They 
are then thoroughly washed to remove all lime previous to 
mordanting. 

From the dyeing point of view furs may be roughly 
divided into two classes, viz.: — 

1. Sheepskin, Persian goat, kid, kid-cross, schmasche, 
hunb, and allied skins. 

2, Rabbit, hare, fox, opossum, musk, goal (long-haired 
as distinct from the Persian goat), and allied skins. 

The distinction between these two classes is that the 
•ijidividual fibres of the former have a much greater absorbing 
capjcitv or penetrability than th% latter. 

The principle of this method of fur dyeing is the oxidation 
on the fibre of the bases enumerated above. This is carried 
out by first mordanting the skins with an oxidizing agent. 
Bichroine, copper .smphate and iron salts are thd three 
chief mordants used. Liglit shades are dyed without 
previous mordanting, but dark shades are usu&Uy first 
mordanted. Hydrogen peroxide is th^ oxidizing agent 
used in the dyebath itself and is added to the dyebath 
after the fibre has beCome thoroughly saturated^th the 
base. 

Paraphenylene diamine is the* base most commonly 
used in fur. dyeing, but the workpeople must be well pro¬ 
tected from it or they are liable to contract skin diseases 
and poisoning. 

• Black with Paraphenylene Diamine.-^Make up a 
I fSTTent. solution of paraphenylene diamine and make 
it acid with acetic acid. Work the furs in this at 
luo*’ F. (45® C.) ’mtil theji ase thoroughly, saturated, then 
^d*j| c.c.;hydrog\^ peroxide (10 vol.) for every gram of 
parc^h^ylene diamine, allowing the bath to gradually fal[., 
to n<»msd temperature.. The turs will gradually devdop 
t» 1a fuQ black, provided the bath is kept on the acid 
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side with acetic acid throughout. A full blact will be 
developed in 8-io hours. 

A modified recipe is as follows :— 

5 lbs. paraphenylene diamine are dissolved in boiling 
water, then made up to 7^ gallons with ''old water: make 
slightly acid with acetic acid, cool and add 2 J gallons hydro* 
gen peroxide (10 vol.). If this is brushed on and allowed 
to stand, ij^ will produce a black. 

Brown with Paraphenylene Diamine. —Proceed ^s 
above, except that the bath is made alkaline with so^a ash, 
when a brown instead of a black is obtained. <«■- 

Fur dyeing has for its chief object the colouring of 
inferioi; skins ,to look like the more expensive and rare 
^kins, such as sable, etc. In order to produce the markings 
on the natural furs the solutions of the various basee.* 
mixed with hydre^en pdroxidc, already dcscrit^d, ^ are 
brushed on in as close an imitation as possible of the 
genuine article. 



Section XIL—OTHER USES OF COAL TAR 
DYESTUFFS 


It is only to be expected that coal tar dyestuffs f nd employ¬ 
ment in many other industries in addition to that concerned 
with the dyeing of textile fibres. It has Decn thought advis¬ 
able to include in this volume a short risume of these other 
uses. The consumption of coal tar dyestuffs is very large in 
some of these industries, e.g. lake and pairt manufacture, 
whilst it is just as small in other industries, c.g. medicinal uses. 

The following summary will enable the reader to gathmr 
ho^ widespread is the use of coal tar dyestuffs :— 

Calico Printing.—All classes of coloms are used for 
the many and varied stjles which are employed in this 
industry. Those mordant dyestuffs which may be printed 
withncetate of chro' ie meet with a very large consulhption, 
whilst para red styles are an important branch of this in¬ 
dustry. It would require a volume as large—if not larger-^ 
than the present one to deal adequately, with this subject. 
Those who are desirous of studying the methods used in this 
industry are recommended the following volumes:— 

“ The Principles and Practice of Calico Printij^.” 
Knecht and Pothergill. 

“ The Cotour Printing of Carpet Yarns.” Patercon. 

“ Bleachmg and Calico Printing.” Duerr. 

" Aniline Black and its Application in Dyeing and Print¬ 
ing;” Noelting and Lehne. 

nfake and Paint Manufacture.—The consumption of 
dyestuffs in these two industries is extremely large for the 
fdllowing purpoi,'s 
•p Oil faints. ^ 
a. Bime colours for distempers. 

3. Lakesffor wallpapars anrf coated papers. 

4. Printing and lithographic inks. 
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These industries use selected dyestuffs frojsn the basic, 
acid, mordant, resorcine and insoluble azo classes of dye¬ 
stuffs. THis industry, like calico printing, would require 
a volume to deal adequately with the methods employed. 
Those who are desirous of studying these methods are recom¬ 
mended the following books ;— 

“The Chemistry of Pigments.” K. J. Parry and J. H. 
Coste. 

“ ®il Colours and Printers’ Inks.” L. Iv Ande. 

“The Manufacture of Mineral and Lake Pigments.” 
J. Bersch. 

“ Modern Printing Inks.” A. Seymour. 

“ The Manufacture of Lake Pigmeijts from Artificial 
Colouring Matters.” F. H. Jennison. 

Soap Colouring. —Selected dyestuffs are largely us^ 
for the colouring of toilet soaps. The dyestufls employed 
are those which will withstand weak alkali. Amongst the 
dyestuffs employed may be enumerated : (juinoline yellow, 
tartrazine, citronine, acid oranges, rhod^mines, acid scarlets, 
direct 6otton browns, violets, greens, etc. 

Typewriter Ribbons, Carbon Papers.— Methyl violet, 
malachite green, victoria blue, eosine, nigrosine arc the chief 
dyestuffs used for,this purpose. The colours are used both 
in their oil soluble and water soluble forms, according to 
whether they are to be mixed with oil or glycerine, etc. 
The colours used are required to be as soluble as possible, 
so that they will give the maximum number of copies. 

TheVolours are ground with the oil, sjririt cr glycerine 
in special machines fitted with granite rollers till the mass 
is homogeneous. It is then applied to tlrtr tapes pr papers. 

Copying Ink Pencils.— The chief dyestuff used fgj: 
purpree is methyl violet, which is ground up with graphite 
to make the lead. Other dyestufls used are victoria blue 
and malachite green. 

Spirit Varnishes «and Lacquers.— '^ae dyesluffs ntftich 
^e used for these purposes have to be Soluble in methylated 
spirits. The basic dyestufe, which are all soluble “in 
methylated spirits, find employment togetlflir with the Sudah 
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colours, i.e. monoazo dyestuffs, which do not contain 
sulphonic acid groups, such as anilinei coupled with 
naphthol: spirit blue, induline and nigrosine are also largely 
used, i.e. rosaniline blue, induline and nigrosine before they 
are sulphonated. The introduction of sulphonic acid groups 
•into the colcwr molecule usually makes the molecule insoluble 
in methylated spirits, though there are exceptions to this, 
e.g ., sulphonated rosaniline blues (commercially known as 
soluble or water blues) are soluble in methylated spirits, 
though not as freely as the unsulphonated base. Details 
'of vamLsh and lacquer manufacture will be found in— 

“The Manufacture of Varnishes and Kindred Indus¬ 
tries." Livache and McIntosh. 

“ Recipes for the Colour, Paint, Varnish, Oil, Soap aijd 
■Jlry.saltery Trades.” Scott, Greenwood, & Co. 

.Writing Inks.—The use cSf coal tar ^’estuffs in the 
manufacture of writing inks fulfils two definite and distinct 
purposes. Some are used for making coloured inks, whilst 
others are used for “ sigliting ” iron-gall inks pending the 
full development of the iron tannate by oxidation" by the 
atmosphere. Of the colours used for making "coloured 
inks the following may be mentioned ; eosine fof red ink, 
malachite and brilliant green for green,ink, nigrosine and 
acid black for cheap black inks. 

Better quality inks depend upon the development of 
iron tannate for their final colour. They are made from 
decoctions of gall nuts and copileras (ferrous sulphate); 
in order to‘make the writing visible a little pure-blue or 
soluble blue is added. This colour is chosen because it is 
not precipitated on long standing with tannin, whereas 
many dyestuffs are. , 

moderpj development of iak manufacture is to 
supply the ink iii powder form. The.se powders have many 
Advantages. x 7 ’.ey redute .transport, avoid breakages, 
alito redu(!te loss <l,jough evaporation m hot countries. They 
are supplied in small canisters in quantities shfiicient t^ 
mairp definite quantities by addition of cold water. Th^ 
powders consist of carefully calculated mixtures of tannin. 
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copperas and dyestuff, with minute quantities of salicylic 
add as a preservative. Carbolic add is used as a preservative 
in fluid inks. 

The following is a recipe for a tannin-iron ink;— 


Dry pme tannic acid .. .. 23*4 

Crystallized gallic acid .. • • 77 

Ferrous sulphate .. .. 30-0 

/Jum arabic .10-o 

Hydrochloric acid .. .. 2‘5 

Carbolic acid .i -o 


Make up to 1000 with water and add sufficient pure or 
soluble blue to make it visible on first writing. 

Marking Ifiks.—Many of the modt-rn marking inks 
afe made ujKm a basis of aniline black (see .Section Xl.^ 
These inks are pf two classea, viz. inks which develop rapidly 
and inks which develop in the course of 24 hours, fhe 
following recipe belongs to the latter cla.'is, and the author 
can vouch for its excellence from many years’ exjrerience 
of it, nqr does it rot the fabric 


Solution A— 

Copirer cliloride.85 

Sodiun]«chlorate.106 

Ammonium chloride .. .. 53 

Water .600 

•Sblution B— 

Glycerine.36 ^ 

Gum .20 

Water .40 

Aniline salts .. .. !, 60 

Water .qo 


Mix together i part A with 4 parts B just before use ; 
die ink takes 12-24 hours to. dtivelop, af^ wbfch it wiH 
3esi$t modern laundry treatment. 

The following book on writing iilks’ may be recom- 
nended:— 

" Ink Manufacture," by S. hehner. 
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Coloured Waxes.—This class includes boot polishes 
and allied preparations, such as leathej, dressings, quick 
, stains for leather soles, etc. 

A limited number of coal tar dyestuffs are soluble in oils, 
waxes, turpentine, etc., and they are specially prepared for 
•this purpose. The basic dyestuffs in their commercial 
form are not soluble in oil, but if they are first treated with 
caustic soda to lioerate the free colour base, the colour base 
will dissolve in oil. They are put on the market Jjy the 
coloui* manufacturers in the form of the free colour base, 
'SInder the names of oil red, etc., or violet base, etc. Nigrosine 
and induline in the base form are oil soluble, whilst the Sudan 
dyestuffs are also soluble in oil. 

These same colour bases are freely solub'r in petrpl, 
benzol, toluol, etc., and are sometimes used’ for colouring 
thqse spirits for detection purposes. A recent development 
in the use of these spirit soluble colours which is due to the 
war is their employment in the colouring of aeroplane dopes. 

There is a large consumption of coal tar dyestuffs in 
shoe polishes, leaf'er dressings, etc. The above class 
of oil soluble dyestuffs are used if it is a turpentine cream, 
whilst water soluble dyestuffs are used for saponified creams. 
For blacks nigrosines oil and water soluble are used: for 
tans Bismarck brown and phosphine oil and water soli!ble 
are used. The following are typical recipes of the two classes 
of boot creams 

Tiuq)enfine cream— 

Grey carnauba wax .. lo parts 
Paraffin scale .. • • 23 parts 

Turpentine.70 parts 

QOfBar with oil soluble black or brown as desired. 

Saponified cream— 


Grey.camaubl whx 

.. 5 parts 

Beesi^x 

,.. 5 parts 

Japan Wkx .. 

.. 8 parts 

Potassium qgrbonate 

.. 5 parts 

Water 

.. 80 parts 
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Melt the wax in an open pan, add the alkali dissolved in 
half the water and the warm solution is stirred into the 
melted w^, taking care not to add too much at a time, 
or the mixture will froth up unduly. Heating must be 
continued until the wax is emulsified, the rest of the water 
added, and the mixture stirred till uniform. /iJolour with' 
water soluble nigrosine, Bismarck brown, or phosphine, 
according to shade desired. , 

Fopd Colouring. —Coal tar dyestuffs are largely used 
in the colouring of many food preparations and ^uors, 
amongst which may be enumerated egg powder, custard 
powder, blancmanges, jellies, chocolates, wines, lemonade, 
mustard^, fried fish batter, ices, butter, etc. 

Dyestuffs wfiich are used in Great Britain must conform 
to the Food^and Drugs Act as regards contents of arseniP,' 
etc.; provided^ however, that they do not contrav/jne^he 
above Act there are no restrictions on which dyestuffs may 
be used. 

The United States Department of Agriculture have, 
on the Bontrary, investigated the effects of coal tar dyestuffs 
in food preparations very thoroughly. As the result of 
investigations carried out by Dr. Bernard C. Hesse the use 
of the following dyestuffs was legalized, coupled with the 
exclusion of all others: amaranth, scarlet 3R, erythrosin, 
orange 1, naphthol yellow S, tartrazine, light green SF. 
yellowish and indigo di-sulphonic acid. The same depart¬ 
ment has just issued Bulletin No. 448, entitled “ Separation 
^nd Idej;^tirication of Food-colouring Substance^,’i by W. E. 
Mathewson. In this bulletin methods are detailed for the 
detection and identification of dyestuffs in food preparations. 

AE dyestuffs used for food colouring are re*qui red to 
possess great solubility, so that solutions made thereKola 
will not become turbid on standing. Many colourings 
are supplied to confectioners djss%lved readjKor use, which 
makes good solubility essential. 

Indicators. —A few coal tar dy«tflffs are used as 
iRSkators owing to their senSitivtnfss to acids -or alkalies. 
Amoi^t those used may be mentioned :• acid mt^euta* 
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alizarine, alizarine blue S, alizarine green B, alkali gceta, 
benzopurpurme B, congo red, croceine, 4 iniethylaminoazo- 
benzene, erythrosine, fast red, fluoresceine, magdala red, 
malachite green, methyl green, methyl orange, methyl 
violet, phenolphthalein, tropaeoline O, 2O, 3O. The be¬ 
haviour and sensitiveness of the above dyestuffs as indi¬ 
cators have been tabulated by Salm and have been incorpo- 
rate 4 in “ The Chemists Year Book.” Atack. 

Medicinal Uses.— Coal tar dyestuffs have long been 
used -,Ip the medical profession for microscopic stains, for 
'Tflnch purposes specially purified dyestuffs have been mar¬ 
keted. notably by Griibler. 

A recent development of the use of coal tar dyestuffs 
by the medical profession is for antiseptic pur’:»ses. Sep- 
S&tional announcements were made in the press of the 
reqpnt discovery of the acridftie dyestuff •flavine by Dr. 
Browning as an antiseptic. The following statement was 
made by the Medical Research Committee in ordeiHo reduce 
the matter to its proper proportions :— 

“ The incomplett" statements which have appeared from 
time to time in the Press with regard to the antiseptic 
‘ flavine ’ have necessarily led to some misapprehension 
of the situation by the public. The impression has been 
created that flavine is a substance of magical potency, wl 5 ch 
can cure infected wohnds. ... It should be realized that 
no antiseptic, even a theoretically ideal antiseptic when 
that is obtained, can ever be morethau an adjunct to sidlled 
and thorqjigh surgery. Flavine must be thought rif> accoriff 
ingly in relation to other new antiseptics which have been 
brouglit into successful use during the war. These fall 
i nto t wo main classes : one depends upon the use of cl^Jorine 
second class to which flavine belongs 
^ iiwlude the elaborate compoimds of which m<Kt are brilliantly 
*tioloured*iUid^e used as^yes.” 

• .Flavins, mal^hite green, brilliant green and acid scarlet 
R*are all being used in the above connection at the preseirt 
time. 



Section XIII.—DYESTUFFS OTHER THAN 
COAL,TAR DYESTUFFS STILL IN USB 

t 

The dyestuffs still used in the dyeing industry whj^h are 
not derived from coal tar belong to two classes, viz.:— 

1. Vegetable dyestuffs. 

2. Mineral <^e.stuffs. 

To the fire^«^lass belong logwood, fustic, cutch, Pers^ 
berries and cochineal: to tjie second class belong Prassian 
blue, iron buff, metallic oxide khaki, chrome }'ellow, bhriJme 
orange and manganese bronze. Of the above list of dye¬ 
stuffs the use of Pnissian blue, chrome yellow and chrome 
orange ^has declined considerably. Prussian blue possesses 
the drawback of being sensitive to alkalies, which turn the 
shade brown due to the formation ©f basic ferric hydrate. 
Chrome yellow and chrome orange are lead compounds, 
which are poisonous, so that their use is to be deprecated. 
Cochineal has also lost its importance since khaki has so 
largely supplanted the former red in military uniforms: 
its *060 is largely confinec^ to the dyeing of scarlet for hunt- 
iBg coats. The other dyestuffs survive for sound economic 
reasons T^hich will be indicated in discussing the*individual 
dyestuffs. 

Vegetable Dyestuffs! 

The war has had a most beneficial effect on the einp]oy- 
ment of vegetable dyestuffs due to the shortage of cod *ar 
dyestuffs. Natural indigo, whick was mo^und on tffb 
outbreak of war, should strictly be indued in tfijs sectiUn,. 
but since ttie methods of application *e*deatical to tfaoee 
synthetic indigo (Section IK.), fhpre is no need to repeat 
them. 
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Logwood 

IS the wood of the tree known botanically as Hapmtoxylm 
campechianum. The colouring principle contained by it is 
haematoxylin, which yields on oxidation haematein, which 
•is the colous which is fixed on the fibre. Logwood is put 
on the market in the form of chips, logwood extract, haema- 
tine. paste and haematine crystals. They contain both 
haematoxylin and haematein. The mordant used is,varied 
according to whether haematoxylin or haematein predomi- 
mtes. 

Logwood is a dyestuff of many advantageous properties, 
and possesses a surprising rmiversal utility. Its advantages 
are, it is very cheap : its shade possesses a beaijfciful bloom 
“ udiich has not yet been equalled by any synthetic dyestuA: 
it ^edi the cloth: it covers tlfc burls, whereas many coal 
tar blacks accentuate their prominence. It is very level 
dyeing and penetrates w'ell. 

Its disadvantages are its weakness to light as compared 
with afterchrome blacks; its sensitiveness to acids: it 
requires a mordant and does not adapt itself to use in 
modern dyeing processes, such as the metachrome and 
top-chroming processes (see pp. 54-62). Prior to its post¬ 
war revival there is no doubt that logwood was slowly But 
continually losing ground, the afterchrome blacks which 
are fa.st to potting being largely responsible for this state of 
affairs. 

Its mapifold uses will now be briefly indicated. 

Silk. —Logwood has always maintained its position in 
black silk dyeing^ since it not only gives a beautiful shade 
o n _silk , but it may be applied so that the silk is weighted , 
td^e extent of 200-300 per cent. 

„ •The following is a typical method of dyeing black on 
■SlUt yara*whiKi is abstracted from “ Bleichen imd Farben 
dkjtSeidf, und Halbseide,” by Carl H. Steinbeck. The 
reopes for logw(»d "black on silk are very nurSerouS, and 
.«re requisite for the difffrqnt (Qualities of silk, shade of blacit 
SHKi amount of weighting required. 
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1. Bottom three times with basic ferrous^sulphate 42° 
Tw., by working ;-2 hours in the cold bath. 

2. Soap at the boil in an old soap bath. 

3. Soap at the boil with 50 per cent, olive oil soap. 

4. Treat with 25 per cent, potassium ferrocyanide and 
32 per cent, hydrochloric acid, which gives the »ilk a bottom? 
of Prussian blue to beautify the shade. 

5. 90 per cent, aitch and 15 per cent. Glauber’s salt. 
Enter,at the boil, give three turns, allow the bath to cool to 
120° F. (50° C.), add 15 per cent, stannous chloride, and 
work a further i| hours. 

6. Wash off in three cold waters, and one at 120® F. 
{50“ C.), 

^ 7. Dy^ia an old logwood bath, to which is added 25 per 
cent, logwo^ and 25 per cent, olive oil soap. Enter 
140° F. (60° C.^, give five tifrns, raise to boil, and give s^en 
turns. 

8. Wash off in two cold waters. 

9. Charge a cold bath with 10 per cent, hydrochloric 
acid, give seven turns, wash off, and wring out. 

10. Brepare a bath of pyroligiyte of iron at 4^° Tw. 
Enter coM, give seven turns, wring out, and allow to hang 
for 3 hours. 

'ii. Prepare a bath with 25 per cent, cutcli: work 
1 hour at 95° F. (35® C.), wring out, and wash off with cold 
water. 

i • 

12. Dye with logwooU extract with addition of 7J per 
cent. oKye oil soap. Enter at 140® F. (60® C.'),«and work 
to shade at the boil. 

13. Work I hour cold with 3 per cent, ^acetic acid. 

14. Scroop with 5 per cent, acetic acid and 2 per cent, 
olive oil. 

From the above recipe it will readily be seen what a 
lengthy process the dyeing ot siVc black wifli Idgwood 
some dyehouses therefore confine themselves/to 
dveing onl^. 

**' Wool.— Dogwood used tb be (Jyed on wool with the 
help of iron or chrome mordants: the forlher is but rarely 
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used nowadays, though logwood on iron mordant is faster 
than on chrome mordant, since it is not so liable to turn 
green on exposure to the atmosphere. Copper sulphate 
improves the fastness to light, so that it is frequently com¬ 
bined with the above mordants or added direct to the dye- 
’bath toward# the end of the dyeing operation. 

Wool is mordanted with iron by boiling for i|- hours 
with 4 lier cent, ferrous sulphate, 2 per cent, copper sulphate, 

8 per cent, argol, then allowed to Ik overnight, f»hich gives 
much.^petter results than if dyed immediately. No doubt 
tiie ferrous oxide passes into a higher state of oxidation. 
Dyeing is carried out for i-i| hours at the boil. 

An alternative process is to dye the wool first with the 
logwood, then to a 3 d the ferrous sulphate andVopi^ sulphate 
to the dyebath after the logwood has gone on to the wodl. 
Thj result is better if the ferross and coppejr sulphates are 
applied in a fresh boiling bath. 

An alternative method of applying logwood on iron 
mordant is a single bath process known as Bousor’s black, 
which'is a popular fvay of dyeing logwood due to it being 
a single bath process. It depends on the principle that 
the logwood-copix;r-iron lake, whicli is insoluble jn water, 
is brought into solution by means of oxalic acid. The bath 
is charged with the logwood, copperas and copper sulphate, 
t hou the precipitate iS brought into an olive brown solution 
by the addition of oxalic acid. Dyeing is carried out for i-i J 
hours just below the boil. An excess of oxalic acid pre^dhts 
the rapid /levelopraent of the black, whilst too litt:^ oxafe; 
^id may be detected by the colour of the bath not being 
olive brown, but of a green cast. The shade will also not be - 
fast, but will rub,' due to loose precipitate being fixed on the 
fi^'Swing to it not being in complete solution. 

•Logwood is most commonly dyed on a chrome mordant 
Iff moderwdyeing practice Jhe choice of mordant depends 
on the dagree of oxidation of the logwood being used. As 
previously stated lagwood as put on the market consfets 
of haemataxylin and ha^attin. If the logwood contains 
« maximum of haematein then it is best dyed on a redured 
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mordant; if, on the other hand, it contains a maxmmsl 
of haematoxylin it is best dyed on an oxidizii^ chrome 
mordant {vide p! 52). In testing logwood before bu3riflg 
it should re tested on the two following mordants :— 

3 per cent, bichrome, i per cent. D.O.V.—oxidizing mor¬ 
dant. 

3 per cent, bichrome, 2| per cent, cream of tartar— 
reduced mordant. 

If the better result is obtained on the oxidizing mordant 
it is evident that the logwood has not been fully “^^ed,” 
and so should be dyed on an oxidizing mordant; tlM 
reverse result indicates the employment of a reduced 
mordant. 

hogwciid is* very popular with the d;^ers because of its 
elisy levelling and good penetrating jjowers. It may be 
applied on any of the chrome mordants detailed on J)p-J2, 
53, either as a self-colour or in conjunction with any ottier 
mordant dyestuff. When dyed alone i per cent, copper 
sulphate is frequently added after the dyebath is exhausted, 
to improve the fastness to light. 

The one point to be observed in dyeing logwood is to 
avoid exoess of bichronie in the mordant, because tliis dete¬ 
riorates its fastness to light. 

‘hogwood blues‘are obtained by dyeing on an aluminium 
OT chromium mordant: they are fast to milling, but are 
not fast to light. They are, however, used as cheap ind^o 
substitutes in the shirting trade, for which fastness to li^t 
» not qf paramount importance. When dyeing^blue witlr 
logwood‘the addition of calcium acetate to the dyebath is 
beneficial in enhancing the richness of the shade. 

Logwood has another advantage from* the dytr’s point 
of view. If too much is got on the fibre the excess n]!fi 5 nBe 
removed by a treatment with weah acid without damaging 
the wool. 

Cotton. —Logwood has lost a great deal of its impptt- 
ance for ootton owm% to the length time requirld 
tt> dye it as compared with sulphur or direct cottmi 
bkclffi, whilst sulphur blacks are 'immea#nably superieth 
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ia fastn^. Tha following recipe is one which has ^eea 
used in piac&e :— 

For 100 lbs. yarn— 

3 gallons sumach extract, 

250 gallons water. 

Give 3 turns, steep overnight, wring up next morning. 
Sadden with 

4J gallons nitrate of iron, 

250 gallons water. 

Give 6 turns, wring up and pass through lime-water. Dye 
with— 

10 lbs. solid haeniatine, 

2 lbs. fustic extract. 

Wflrk .^5 minutes at 185-212“ F. (85-100° C.). Add 2 lbs. 
copperas, work J hour, wash off and soap with 10 per cent, 
soap at 140° F. {60° C.), hydroextract and dry. 

Jute.— Ivogwoodi is still largely used in the jute trade 
for cheap blacks, wnich are blacks only in name compared 
with the popular conce »)tion of black, as they are really only 
greys. Since tannin is a natural constituent o{ the jute 
fibre a black is easily obtained by treatment with copperas, 
then logwood. Prior.to the war logwood blacks were dyed 
on jute for Id. and less per lb., so that it will be readily 
surmised that much money could not be spent on oither 
■material or labour. ^ 

•• LeatHlr.—Logwood still finds extensive empfoyment 
in leather dyeing both as a dyestuff and as a constituent of 
leather dressings.^ It is applied to leather in conjunction 
wiKi4errous sulphate, nitrate of iron or pyrolignite of>iron. 
'El^ logwood, usually deadened with addition of 4 little 
.ir^ic, is .brushed on the vegetable tanned leather, then 
t^ leatljer is subsequAtl:^^ brushed with J per cent, 
station rf ferrouj^sijlphate. Chrome-tanned leather, since 
it contains,no tannin, mijst J)e given a preliminary treats 
wkh’sumach erttaCt before the logwood is app%d.; 
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The'following is a typical recipe for a black seasoning for 
leather 

2 oz. solid logwood extract, 

I oz. fcopperas, 


are dissolved separately, then mixed together to form a total 
volume of 3 quarts. 


I oz. glycerine 1 are mixed together, then added to the 
I pint milk J above. 

t 

Finally add 

I pint blood. 


Logwood is also used for making stains for burls in woollen 
pieces. 


I. 


II. 


fo^owing is a typical recipe :■> - 

J oz. .solid logwood extract are dissolved in oHfe 
gallon, water. ^ 

J 02. soda ash 1 are dissolved in 1J 

j oz. neutral potassium chromate I pints. 


The boiling solution I. is slowly added to boiling solu¬ 
tion II.': the mixture is boiled for 10-15 mmutes, so that 
a clear blue-black solution is obtained. After cooling add 
bj pints iftethylated spirits. 


Fustic 

is the wood of a tree, the botanical name of which is Morus 
iineioria or Madura liuctoria. It is usually put on the 
BKtrket^ the form of fustic extract. It is a yellow wood, 
which is employed for deadening the shade of logwood anti’ 
as a mordant yellow which may be applied in conjunction 
with any other mordant dyestuff. It may be applied on any 
chroiffe mordant detailed on pp. 52, 53. Its great drai^dSk 
is that it cannot be applied by the metachrome process 
(p. 59) or the topchroming process^ (p. 54). F«r this reasew 
its use is declining. Despite the fact that it is notes fasj ^0 
light as thediest mordafit yellows, it is a^yat favourite with 
djpers owing to its cheapness »nd jfs level dyeing.properties 
on long locky wool. 
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CUTCH. 

This product is also known as catechu and^gambier. 
Gambier is a form of cutch in wliich the colouring principle 
is not in as high a state of oxidation. Gambier, therefore, 
shows a proportionately greater increase of colour on being 
treated u^th oxidizing agents such as bichrome and copper 
sulphate. It is extracted from acacia, areca and uncaria, 
which grow freely in India. It yields a brown shade which 
possesses very good fastness and has not yet been supplanted 
by ?oal tar dyestuffs owing to its fastness coupled with its 
cheapness. It imparts to cotton a distinctive hard handle, 
which is demanded in certain fabrics and which cannot be 
successfully imitateH with coal tar dyestuffs. This stBne hard 
handle is the reason why cutch is practically never used for 
the dyeing of wool. It is freely»used in conjunction with 
logw^d for weighted blacks on silk (see p. 187). On cotton 
it is largely used for overall and sail cloth and on jute for 
ambulance stretcher cloth, whilst gambier is largely used 
for rnaking brown paj ■ rs. • 

dutch is usually applied to cotton by the two-bath process, 
in which the cotton is first boiled with the requisite amount 
of cutch, to which is added 1-2 per cent, copper sulphate. 
The cotton is then squeezed off and developed in a fresR 
bath at 140° F. (60° C.)' with 1-2 per cent, bichrome, which 
*-both fi^es and developes the shade. The harsh handle 
given to cotton by cutch prevents* its application to rRw 
cotton owin|; ^0 it breaking the teeth of the cards when 
beiiig cdrded. It is usually, therefore, applied to cotton 
yarn or piece, not loose cotton. 

Since cutch contains tannin bodies it is very suitable, 
for loppmg with basic dyestuffs in order to modify the 
shad«i* 

Persia^ Berries. 

This product is p«t an the market in'the form ofextract, 
•which is obtained by extracting the unripe berries of rham- ' 
nuSi* It is not now used in dyeing, but still finds use in 
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calico printing for producing yellows and allifed shades 
with various mordants in steam styles. 

COCHINEAI,. 

,The colouring principle of this product is carminic acid, 
which is obtained from the female insect Coccvs cacti, which 
is found in Guatemala and Mexico. It used to be applied 
in conjunction with tin and aluminium mordants for scarlet 
and crimson shades respectively, but since the introduction 
of the azo scarlet dyestuffs it has fallen into disuse. The 
scarlet coats of the British army were formerly dyed with 
cochineal, but the adoption of khaki gave cochineal its 
deathW<?w. It only survives in the scarlet of hunting coats. 
It may be dyed by the two bath or single-bath process. 
For the two-l^ath process equal parts of stannous and stannic 
chloride in cbnjunction with oxalic acid were usqd as the 
mordant: for the single-bath process stannous chloride and 
hydrochloric acid in conjunction with the cochineal were used. 

The presence of iron and copper should be avoided, 
since They dull the shade. ‘ 

Mineral Dyestuffs. 

I Mineral coloirs are produced by precipitating coloured 
metallic salts within the fibre. Their use is chiefly confined 
to the vegetable fibres and yield shades of extreme fastness* 
todight and washing except Prussian blue, which i.s tumetl' 
ebrown by alkali. 

Prussian Blue. 

This colour possesses great beauty of shade coupled with 
exterae fastness to light, but it has falfen into disuse owing 
to the fact that it is turned brown by alkalies due t6 the 
formation of ferric hydrate. The methods of its production 
will therefore be only briefly mentioned. 

Silk .—It is used jn the dyeing of silk biacK witn iqgjvoocl 
to beaufify the shade (see p. 187). 

Wool. —The production of f rnssian blue on wool depends 
upon the fact that acid solutions of fefro- and ferricyaej^es 
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decompose to produce Prussian blue. Wool is dyed by 
entering into a'cold bath containing 10 per cent, potassium 
ferricyanide and 20 per cent, sulphuric acid, raiding the bath 
carefully to the boil in one hour and dyeing one hour at the 
boil. Nitric or hydrochloric acids may be substituted for the 
sulphuric ^cid, whilst the addition of 1-2 per cent, stannous 
chloride to the dyebath after it has boiled half an hour 
brightens and reddens the shade. 

Cotton.—This fibre is dyed by a different method to 
wool in that the cotton is first dyed iron buff {q.v.), and then 
.the blue is developed by working in a cold dyebath con¬ 
taining acidified potassium ferrocyanide. The depth of 
the blue developed is controlled by the amount of ferric 
oxide precipitafed on the fibre when dyeing the*ron buff. 

Chrome Yeeeow and Orange. 

These two colours are produced by double decomposition 
of lead acetate and sodium bichromate producing normal 
lead^chroraale (y- ffow) and basic lead chromate,(orange). 
These colours are extremely fast to light and wasljing: 
they are, however, liable to be dusty and loose shades, 
which are dangerous in view of their poisonous nature. 
They are not much used now beyond* a little for export to 
the East. They are only applied to vegetable fibres. The 
fpllowing is one method of working ;— 

Work the well-boiled cotton for fifteen minutes ii! a cold 
bath of lead acetate 10° Tw.: wring out and without riusing 
, .pass thlbugh cold clear lime-water i Tw.: wring out, pass 
without rinsing through a cold bath containing 2J Ibsi 
sodium bichron.ate per 10 gallons water made distinctly 
^cid with hydrochloric acid. Wash off well, repeat again 
to* get the depth, soap and dry. To obtain chrome orange, 
Hass before soaping through a boiling bath of milk of lime 
-’°Tw.J 

Iron BdEe. 

This colour is fast to light, boiling soap and alkalies, 
^ut is not fast to acids. It is, however, still used for fast 
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buff shades. The colour consists of ferric hydroxide in 
various stages of hydration. It is produced by padding a 
ferrous salt solution on the cloth, then fixing with an alkali 
and oxidizing by air passage or by passing through a weak 
solution of bleaching powder. The shade obtained depends 
upon the strength of the ferrous salt bath and the number 
of impregnations given. 

Manganese Bronze. 

This colour is produced in a similar manner to iron*buff 
by which manganous hydroxide is precipitated on the fibre' 
and then oxidized. Manganous chloride is the salt which 
is used for mpregfiation purposes. 

t 

lilETAEUc Oxide Khaki. 

This colour possesses extraordinary fastness to all re¬ 
agents : its only draw'back is that cloth dyed with it is 
difiicult to sew due to the deposition of so much metallic 
oxide wifhin the fibre. It is applied to vegetable fibres 
only hnd usually in the form of piece. ^ It is a difficult colour 
to apply successfully and requires great manipulative skill. 
It hiys been used for apny cotton equipments, but the demand 
of the present war has also forced the dyeing of cotton 
khaki with sulphur dyestuffs to maintain the output, but the 
shade obtained thereby, is nothing like as fast as the mefpiic 
oxi(Je khaki. 

The Sycing of metallic oxide khaki was patented ^No. 
^[1456) in Great Britain in 1884 by E. A. Gatty of the firm* 
of Gatty & Co. in Preston, who have made a speciality of the 
commercial dyeing of this colour. The method patented 
was padding with chrome alum and ferrous sulphate, ftieri 
precipitating the oxides with alkali. The shade was varied 
from olive through khaki to hroupi by alterihg ^he prtfs*. 
portions of chrome and iron. 

• The shade obtained by the above pfoqTiSS was not fast* 
to adds. E.P. 7041, 1897, taSsentoqt by V. H. Gatty of 
Gatty & Co., Preston, protected a proces/ for making the«» 
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khaki fas* to acids. The method patented was a passage 
through a boiling bath of sodium silicate 2“ Tw. 

The following is a typical recipe for khaki 

Padding Liquor— 

33 J parts chrome alum. 

3 parts ferrous sulphate, 90° Tw. 

5 parts pyrolignitc of iron, 25° 'fw. 

59 parts water. 

The bleached eloth is padded tour times through the 
above cold liquor, then passed four times through a boiling 
soda ash bath containing 5 lbs. per 10 gallons, then washed 
well. 

The above procedure is repeated three times wiWiout 
^drying the cloth, which is then dried and steamed for one 
tour at I atmosphere pressure. Finally the cloth is passed 
through a boiling bath containing 5 lbs. sodium silicate 52° 
Tw. per gallon, washed, lightly soaped and dried. 

The abo'-c dc^rils rvill enable one to realize why great 
mampulative skill is required to produce the same shade 
regularly when the uaterial has to pass through so !nany 
operations. 

For further details the reader is reaommended— 

“ Khaki auf Baujnwolle,'' by Dr. Theis. 



Section XIV.—THE VALUAl’lON Axp 
DETECTION OF DYESTUFFS 

f 

The valuation of dyestuffs is a much more difficult task than 
many people imagine, since by valuation is meant not,, 
merely money value tests of a dyestuff, but determination 
of its properties. Few people so exhaustively test a dye- 
stuff^ as is necessarily carried out iu a dyestuff'manufacturer’s 
experimental dyehouse. This is easily understood when it* 
is remembered tl^.t a dyestuff'-manufacturer offers his dye¬ 
stuff to all colour-consuming trades, wliilst individual dyerl 
confine their tests to the well-defined limits of their own 
trade. 

In testing dyestuffs in the laboratcfry efforts sltould 
alwaje be directed at imitating as far as is possible within 
the limits of the laboratory the actuaf conditions obtaining 
on the practical scale. The same volume of liquor should 
be used, the same length of time of boiling, the same length 
of time in dyeing, etc., can be easily carried out in the 
laboratory. It is when one attempts to imitate “ potting,»’- 
milling, etc., that difficulties arise. When comparative dye- 
test^are!\'arried out the same conditions of temperature and 
vigour of boiling must be observed in all the dyepots. ’ To* 
this end a bath with suitably perforated lid holding 4-6 
dyepots^should be used. The bath should b(‘ charged with a 
solution which can be heated to a temperature of 120-130* C.p 
which will ensure’the water in the dyepots actually boilidg. 
The author always uses calcium chloride as being-bath cheapi 
and effective, whilst sodium nitrate is also used. Glycerin^, 
used to be erfiployed, but it should be ai'c^ed owing to its® 
objectionable smell on continuaJ heating. Calciun; chloride 
solution has one drawback iu that in cold weather it set^ 
in a solid lump whicji may crack the.bath, whereas sodium 
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nitrate falls m fine crystals. Steam heating should always 
be used in preference to gas, because the latter soon Creates 
a foul atmosphere, if the baths are in constaift use. If 
gas must be used the baths should be made of iron, and not 
^copper, because the smell from gas-heated iron baths is 
nothing Jike’so bad as gas-heated copper baths. If steam 
is used, have closed copper coils, which will withstand boiling 
calcium chloride for years. Steam heating is not only more 
healthy, but it is more economical. Steam at 6o IbS. pres¬ 
sure in a 2-inch copper coil will keep a bath containing 
15 dyepots of 750 c.c. capacity boiling with only one- 
eighth of a turn of the valve. Many use plain water-baths,, 
which makes it impossible for the water ^’n th^*dyepots 
tqjjoil. Tests carried out in such a bath are misleading in 
their results, especially with ali^rine and chrome dyestuffs. 
The dyfc vessels used for small tests should be porcelain. 

When testing a colour against a standard it is absolutely 
essential that a dyeing of the type should be made every 
time, because a sligh. variation of the conditions of boiling, 
etc., are sufficient to vitiate the tests from a comparative 
point of view. Compaiutive dyeings must alwaysjbe m 5 de 
side by side in order to ensure that the dyeing conditions 
have been identical. This is a point which is frequently 
overlooked. 

„Jj3. sarrj'ing out tests of a colour account must always be 
taken t)f the average percentage which is used in praatice. 
It is far more sensible to test a cotton sky blue at J pejr.cent. 
♦ban £rt 3 *per cent., because | per cent, shade is the one 
more often dyed; on the other hand, fast chrome blacks 
shbuld be tested at 6 per cent, rather than i per cent., 
besause 6 per cent, is more frequently dyed in practice. 
Moreover, strength of shade is more easily judged in a 
shadj than a strong shade, provided the colour is 
* fidmogeneous—it is the atothor’s custom to dye a 1-2 per 
cent*. shade*of a black^for strength of«colour and ^ Ml shade 
to determine the t^e of the black. 

The folfowing are some'of the usual tests through whicli 
a*SyestufF is put;— 
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Light. —In carrying out tests for fastness Ijo light regard 
must be had for the use to which the fabric on which the 
colour is to be used is to be put. For instance, it is no use 
making a severe exposure of a direct cotton dyestuff which 
is going to be used for cotton linings, which will never be 
exposed to light. On the other hand, a colbur which is 
going into tweeds should have at least one month's'exposure 
in the op^ in summer weather, without any protection. 
The author always exposes all mordant, acid, vat, and 
sulphur dyestuffs on a roof in the country facing south, 
without any protection whatever from rain, etc., but basic 
and direct cotton dyestuffs (unless known to be verj' fast) 
are always exposed under glass. The obj e<jtion raised against 
ojitside exposure without protection is that the patterns 
get dirty. Tl^s is not disputed, but so do clothes get dirty 
in actual wear, moreover, the majority of colours vxpased 
in the open are sufficiently fast to withstand the light 
soaping necessary to remove the dirt. If it is known that 
the particular colour will not withstiyid w'ashing, ^hen re¬ 
course may be had to a benzine soap and benzine. 

*As rd^ards length of exposure, «ue month’s unprotected 
exposure in the summer months is ample to show whether 
it^s as fast as the*itaudard chosen for comparison. There 
are very few colours except guaranteed fadeless colours 
which need be exposed any longer, because this 1^% of 
time will have a considerable effect on the average colour. 
TJie ^thor has made it a practice of exposing patterns of 
suits he dias worn. He has always found without exeepti»» 
that a colour wliich withstood one month’s exposure was 
sufficiently fast for the lifetime of the suit , 

If the cloth is for sailors’ uniforms or for continuous 
and unusual exposure, then special precautions must be 
taken. Such cloths are frequently nailed to tjic giast dujjpg 
an out-and-home journey tef Australia, or similar extre^ 
measures Jaken. 

^ It is my experience that many pebpf^ hold a very exag¬ 
gerated opinion of the fastness^' to light of m^y colours. 
Quinoline yellow has a reputation jEor fastness to light, Sul 
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a comparative exposure against xylene fast yellow soon 
shows how relatively fugitive it is. Again, sulphoncyanine 
s a colour which has a' great reputation foi^ fastness to 
ight, but a month’s exposure at the seaside will practically 
)leach it, though it is widely used without complaint in the 
lyeing trsrie. If it is exposed against indocyanine B or 
ilizarihe blue its comparative lack of fastness is soon 
ipparent. 

Milling.—This process is most satisfactorily tested by 
raving the pattern stitched on to the end of a piece which 
s going through the particular milling process in question, 
recause this process varies largely according to the class 
rf cloth and thg particular finish required. • 

The author’s method consists of dyefng the colotu: on 
iome yarn and knitting it in a hand-knitting machine along 
s'ith white wool, cotton, aud*silk, if necessary. This fabric 
s run through the rollers of a domestic wringing machine, 
ivhich are driven from a shafting. Underneath the rollers 
is fitted a trough ^ith an open steampipe in which soap and 
soda solution is put aud heated to ioo° F. (40° C.).* Guiding 
bars are fitted in th j«, trough so as to ensure tha 4 ; the fabric 
ronstautly passes through the soap liquor. My ^elve years’ 
experience of this machine has showji that a colour which 
withstands the above test has never failed to stand in 
pr^Qtical working. In this machine a colour as fast to 
milling as sulphur black may be milled down to a,gj:ey in 
half an l^our. A milled patterfi must be examii.ed for loss 
of depth, change of shade, and bleeding into adj8.clnt white. 

Failing the above the pattern should be vigorously 
rubbed between the hands with strong soap and so& 
so^itiou, then allowed to lie in the solution lialf aa hour. 

• Washing.—The following method is very satisfactory, 
bake ^ a solution of 5 grs. soap and 3 grs. soda ash per 
1000 c.c. of water. Usie this solution at 100° F. (40° C.) for 
ftrashmg ; rub the material, along with white wool, cotton, 
and silk, betwAu’the hands for 15 minutes,'allow to lie in 
the soapsuds for I5»mlnutes, wash ofi, first in warm rffater 
to remove the soap, then in cold water, finally dry. Alkali 
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is omitted if the test has not to be severe. Loss ol depth, 
change of shade, and staining of white should be carefully 
noted as against standard. 

It is a very common practice in making milling and 
washing tests to plait the dyed yarn with white wool and 
cotton. The author has strong objections to this procedure 
for the following reasons. It is extremely difficult t6 wash 
out of the centre of the plait the last traces of soap and soda, 
so that \yhen the plait is dried the traces of soap and soda— 
as dry ing proceeds—become more and more concentrated, 
and the test amounts to heating the plait with strong soajf 
and soda. If knitted fabric is used the soap and soda may 
be easily washed out of the same, moreover it is much the 
mor^ convenient *way for mounting the tests in reference 
books. 

Potting. —TjSs is difficult* to imitate in the small iwayi 
but the following method gives good comparatix'c results, 
if a standard is always tested at the same time. Put a piece 
of the cloth to be tested betw'cen white flannel and cotton. 

t • 

wet theifi out thoroughly, then wrap them tightly round 
a glass rod and tie tightly round rwth string. Immerse 
the rod in water at the temperature at which the particular 
potting is carried out^or the number of hours taken on the 
big scale. Note if the water is stained, also change of shade 
and staining of the white wool and cotton ; silk is also talce^ 
if necfs^ary. 

Stoving. —This is a test* w'hich is best carried put under 
the actual (^nditions under which the colour will besstoived 
in practice. Failing this the following method gives good 
results. vStitch the colour between white wvol and cotton, 
wet out .thoroughly, then hang on a wooden stand, over 
which place a bell-jar, put an iron box of sulphur under the 
bell-jar and ignite by dropping a red-hot iron^olt in it, 
Allow air into the jar until the emejl of sulphur dioxide is 
pronotmeed outside the jax, put the jar down and pul puttj’ 
all round the*bottom to keep the jar gas-li|Pit. Leave like 
this for twelve houre, wash off, d^, t5ei»ex^anine the’pattem 
for change of shade and bleedmg into the adjacent white. 
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Copper an^ Iron Vessels. —The use of copper and iron 
is increasingly common in dyeing owingo to the steady 
adoption of dyeing niachinerj'. Now, all dyestuffs |pay not 
be dyed in copper or iron vessels without definite change of 
shade, so that it is requisite to test new dyestuffs from this 
point of view.* This may easily be done by placing a coil 
of copper^wire or iron plate in the bottom of the dyepot 
whilst dyeing under exactly the same conditions another 
pattern without the metal in the dyepot. Compare results. 

Hot Iron. —Many colours change their shade tempo- 
rariiy under heat, particularly direct cotton dyestuffs. 
This test is simply carried out by placing a piece of wet 
cotton cloth over Jialf the pattern and irouing^it djy' with 
a hot iron. Compare the ironed portion Aith tfie other 
potion immediately after ironing and when the pattern 
hascooled down. 

Carbonizing.—Soak the dyed wool half an hour along 
with the cotton in cold sulphuric acid, 7° Tw., then squeeze 
out. Now jjluee iu :■ porcelain dish and heat for one hour 
at 175° F. (80" C.), when the cotton should be completely 
carbonized. Wash off, n-aitralize with soda ash, wash off aad 
dry. Compare the shade with some of the original pattern. 

Acids.—Spot with 10 per cent. D^O.V. solution for 
mineral acids and acetic acid (30 per cent.) for organic acids. 

Decatizing.—This is a test which is difficult to imitate 
on tho laboratory scale, and is best carried out on the big 
scale when possible. I'ailing this fit up a small perforated 
ejiindor with the steam supply; wrap this round* Avfth 
calico, blow the steam through till it is dry, then wrap on 
the pattern to be tested and blow the steam through the 
dt^ired length of time. 

Berspiration.— Dissolve 100 grs. salt and 100 c.c. acetic 
“{mT {30 £eut.) in 1000 c.c. water ; thoroughly wet out 
Ine pattern to be tested aq^ a piece of white wool and cotton, 
rafttoget&r with the pattern between the jvool and cotton, 
then incubate in a test-tube for 24 hours at ioo°fF. (40° C.). 
Examine for staining and Idfe of shade. A more direct 
t^t is to get a stoker to wear a pattern. 



.204 COAL Tar dyestuffs 

Alkali.—Dissolve loo grs. salt and lo grs. soda ash 
in 1000 C.C. water; treat exactly in the same way as for 
perspira^on above. Examine for loss of shade and 
staining. Another method is to spot milk of lime (20 per 
cent.) on the pattern, allow to dry, then brush off. 

In making trials of the various classes o 5 dyestuffs the 
following points should be particularly noted :— 

Acid Dyestuffs. —For wool trials use thirty times 
liquor on 'the weight of the wool; for silk trials use fifty 
times liquor. In the first dye trial, start cold, rawe up to 
boil in half an hour, and dye boiling half an hour. Notice 
the rate of dj'eing. If the colour dyes on quickly it will, 
as a rule, dye unlevel, whereas if it dyes, on slowly and still 
dyes on slowH at the boil, it will be a level dyeing colour, 
tf it d3'es on quickly, reduce the acidit)- of the dyebath and 
so work out the best conditions for dj’cing that particular 
colour. 

Levelling is best tested as follows. I’repare a boiling 
dyebath w'ith a small percentage of the colour and 5 j^ier cent, 
sulphuric acid only—no Glauber's salt; throw in a piece 
otdry, .tightly woven cashmere cl«th, and w'ork quarter an 
hour at flie boil. Compare the result with a standard colour 
of admitted excellent levelling properties like patent blue 
caVried out under identical conditions at the same time. 

Penetrating powers are tested under the same coq,ditioiw, 
usjng a piece of closely milled woollen hat felt boiling half an 
hour; cut the felt in hdlf and compare the degree of penc- 
trStibn. ^ 

To judge if a colour is suitable for salting, i.c. adding 
to the boiling dyebath, proceed as follows. Assume, for 
example, a red is being examined. D) e a piece of cloth or 
yam with 0‘i per cent, quinoline yellow, o'l per cent, patent 
blue A, 3 per cent, sulphuric acid—Glauber’s salf is designedly 
omitted; after boiling half an Iwur add O'l per cent."^ 
the red, being tested, and boil a further half-hour. Aft#r 
washing off and drying examine the material for evenness 
of shade and penetration. li satisfactory from both points 
of view it may safely be used for salting purposes. In 
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all cases atf accepted standard of red must be dyed at the 
same time undfer identical conditions. 


Mordant Dyestuffs should be tested by all three 
methods detailed in Section IV., taking particular* care to 
test on all forms of chrome mordant given therein. The 
properties to note are solubility, rubbing, levelling, milling, 
light, and^enativeness to metals. 

Direct Cotton Dyestuffs should be dyed with twenty 
times’liquor cold, 100° F. (40° C.), 140° F. (60° C,), 175 F. 
(80° C.), 195° F. (90° C.), and boil, and the affinity noticed 
at tlje different temperatures, because if it has a good affinity 
at low temperatures it will be useful for mixed materials, 
burl dyeing, and artificial silk. Exhaust tests should 
also be made in dtder to ascertain if the cojoiif*’ ^hausts 
welt or not, and thus detenniue if it will be necessary t« 
work it in a standing bath. Assuming the colour is a black 
exhSust tests are carried out as follows. Prepare a dyebath 


with 6 per cent, black, J per cent, soda ash, 30 P^r cent, 
salt. Enter the cotton warm, raise to boil, and boil half an 
hour, w'fing out the Lf'tton well, returning the liquor to the 
dyebath, then make up the volume of the dyebath to the 
original volume, add io*per cent, salt, but no coljur, and 
dye in it for half an hour at the boil an equal weight of cotton 
to that originally taken. This second te»t is what is callsd 
the exhaust test, and shows how much colour is left in the 
dyebath.’ Direct cotton dyestuffs var>’ very much in the 
amount of colour they leave in the (Jyebath. • • 

The special points to which attention should be ^d 
ar?light, washing, acids, hot-pressing ; levelling should be 
tested on similar lines to those given under acd dyestuffs. _ 
Sulphflr Dye«tuffs.-The first thing to determine is 
th^prdper amount of sodium sulphide required tcgiye 
the lest results. Dye trials should be earned out wi h 
vaiymg amOMlts of sodium sulphide. Exhaust tests should 
Serried ♦ut as detaUed Aide! direct cotton dyestoffs. _ 
•The dye'ing of suiphur dyestuff^on the sm^l scale is 
excidingly-dUBcul?, and l^ie insults so obtained are nev^ 
as^l as those obtained on the large scale. In making 
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coftiparative dyeWgs great care must be taken'to see that 
all the dyeings are treated exactly alike, so arfto ensure that 
they oxidize alike. To this end the patterns should be 
plunged'itraight from the dyebath under cold water, washed 
off together, squeezed together, and dried together. It is 
no use comparing dyeings of one hank which has been dried 
straightawa}' with another hank which has be^ allowed 
to hang on a peg in the wet state for 15 minutes before 
drying. Owing to the fact that all dyeings of sulphur 
dyest.ifps oxidize up on keeping it is advisable to chrome off 
all dyeings which are made to match dyed patterns, otjier- 
wise the newly made dyeing will not be comparable with 
one which has been dyed some time. 

TheJ ^rv,pqrties which should be specially noted are 
light, milling and fastness to boiling acids. 

Basic Dyestuffs. —The chief points to determine are 
solubility and the proper amount of tannin required as‘‘the 
mordant to give the brightest and fastest shades. 

The Identification of Ij>yestuffs. 

The-identification of dyestuffs 'has of recent years been 
elaborated by Green and collaborators which have now 
b^en collected together and published in book form under 
the title of “ Analysis of Dyestuffs ” (Griffin). The reader 
who wishes to go into this subject in detail is refened-to 
this.volume. All these fables refer to individual dyestuffs, 
w' here as a large majority of the shades which came into the 
hands of a dyer are compound shades of thr« colofirs. 
Moreover, in everyday work such elaborate tests are not 
required because in the majority of cases the ’dyer only 
requites to know what class of dyestuffs have been ■used' to 
dye the pattern concerned. In commercial dyeing the'price 
beii^ paid for the dyeing usually enables a* dyer to f^jjp 
an accurate opinion as to ‘wha^ dyestuffs may be 
whilst th^ class of material to be dyfd is also h govemiBg 
factor. 

The following lists of tests make ho daim to completenaes, 
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but are «mpiy tiiose wlucU are used byitUe author in 6very- 
day routmowork:— 

Basic Dyestuffs. —Boil a pattern with alcohol or methy¬ 
lated spirits, when the colour will be dissolved off the fibre. 
Evaporate off the alcohol, redissolve the colour in water 
in which tannm-mordanted cotton may be redyed the 
origin^ cofour. 

Direct Cotton Dyestuffs. —Boil some of the pattern 
wfth ammonia and water, when the colour vfill be largely 
stripped. Lift out the pattern, evaporate off most of the 
^mmt)nia and add a little soap and water. Boil a piece of 
white cotton in this solution, when it will be dyed the colour 
of the original pattern. A developed dyestuff may bleed a 
little, but it wili not dye the white cotton t(j tiflfsSme extent. 
« There is no positive test to distinguish a develcped 
dyestuff from a direct cotton^lyestuff,and^‘now this position 
ftas been further complicated by the formaldehyde after- 
treatment of certain direct cotton dyestuffs which improves 
their fastness and makes them intermediate between direct 
and .developed C'^tion dyestuffs. The following; method 
used by the author enables with practice a fairly accurate 
judgment to be fonrted. Wet the pattern to examined, 
and place it between wet bleached mercerized sateen and 
ron it dry with a hot iron. Notice the amount of bleeding 
m the sateen. Direct cotton dyestuffs bleed distinctly, 
1 well-dyed developed d3’estuffl will practically not bleed, 
i direct cotton d3'estuff after-trgated with formaldebyOe will 
jleed to u degree between the two. This is not gin.** as a 
positive test, but a skilled observer can usually form an 
accurate judgment. • 

Developed! and Direct Cotton Dyestuffs.— These are 
pewianently decolorized by boiling with tiy crystals and 
if)irits of salts, hydrosulphite, or titanous chloride. Basic 
dyestufiMind vat dyestuffs may be temporarily decolorized, 
but tligy regain their fcolohr on washing. Logwood black, 
catechrf brown, aiyline black, and sulphur d35pstuffs are not 
completely decUlorized. ^ developed- primuline sha^e is 
reduced to the origidal^ellow primuline bottom. 
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Sulphur Dyestuffs. —Boil in a test-tube with tinciystals 
and spirits of salts. Sulphuretted hydrogen will fee evolved, 
which may be detected by placing a piece of filter paper, 
moistened with lead acetate solution, at the mouth of the 
test-tube. The paper will be turned from brown to 
black. A slight yellow coloration on the paper must not 
be taken as indicating a sulphur dyestuff; the'coloration 
should be definite with a metallic lustre. Ulien tfiere is 
any doubt, do a blank test to test the purity of the 
chemicals. 

Logwood Black. —Boil with a little dilute acid, tvhei^ 
the familiar red coloration will be given. 

Aniline Black. —Place a piece of the pattern in D.O.V., 
allow the flfjft' -to^char, now dilute with water; a pale green 
solution is a certain indication that it is aniline blacky 
A sulphur black' topped witli aniline does not give this 
reaction. ' *- 


Distinction between Aniline Black, Sulphur Black, 
and Sulphur Black topped with Aniline.— Place 
patterns in bleacliing powder solution (abput 4°Tw.), ujhieh 
is just under the boil. The sulphur black is completely 
bleaclied, wjhereas an aniline black gdes nut-brown, and a 
sulphur black topped with aniline varies from a pale yellow 
to a brown, according to the amount of aniline which has 
been used in the topping bath. If one treats at the same time 
a pattern of a sulphur black, topjicd with a known anjount 
of anhine, a rough estimat(j of the amount of aniline u!>ed 
may l»iormed with a little experience. 

Turkey'Red cannot be reduced with tin crystals* 
and spirits of salts. Boil with a little titanous chloride, 
when the red immediately changes to a imroou; this is 
very chSIacturistic, because other possible reds (on cotton) * 
are decolorized. 

Insoluble Azo Dyestuffs (Para Red, eto»K-Wrap« 

a pattern between white calico And Cron with a hqf. iron) 
the colour volatilizes on to the calico. 

Ijidigo. —Spot the materia^ with conCentratecj nitric 
acid, when pure indigo gives a bright j^cllow spot with 
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charactetistic green rim. Many other ^colours will ^ve a 
bright yelldW spot but do not give the green rim character¬ 
istic of indigo. This test in the hands of an experienced 
operator is very good, but an inexperienced one^nay easily 
be deceived by shades which are faked up to give the indigo 
spot. The two following points help to enable the detection 
of fak^ shades, viz. 

I. If the spotted fabric is allowed to stand 24 hours 
the indigo spot does not deteriorate in colour^but the spot 
of a faked fabric usually does. * 

• 2. Pure indigo will give its characteristic spot with nitric 
acid of a lower concentration than the faked colour usually 
will. If one is suspicious of a fabric, then use nitric acid of 
as low a concdlitration as will still give +h«*"^racteristic 
indigo spot on a fabric known to be dyed*with pure indigo. 

Indigo may be sublimed afi the fibre yj' gently heating 
It in a test-tube, and the indigo will condense on the higher 
and cooler parts of the test-tube. 

A vcrj'- simple, yet effecth-e, test for indigo on wool is 
to b(»il the wool .hIi weak caustic soda until th^ wool is 
disintegrated ; now add a little hydrosulphite after cooling 
down, and if indigo is Jiresent the indigo will be reduced and 
form the cliaracteristic yellow solution with bronzy scum, 
in fact an indigo vat on a small scale. • 

Another simple test is to boil the pattern with strong 
sulphtiric acid till the fibre is disintegrated, then dilute with 
wafer, when you will get a bright-blue solution of Jhdigo 
extract. *If the solution is masked by any bottomicg or 
Eopp’inf of the indigo, then dye a piece of wool m the 
solution, when it will be dyed the bright-blue shad# 
characteristic of indigo extract. 

• Satechu Brown.—Not affected by acids jd alkalis, nor 
decolorized with tin crystals and spirits of salts. 

• Acid‘-Bnd Direct Cotton Dyestuffs on Wool.— Boil 
IJjith ammonia, when <110 average colour will be stripped 
more or* less completely. Evaporate the solution down, 
add a pinch of lalt, and if it dyes cottcm- If it does 
tnot, it is an acid dyesfiiff; if it does, it is a direct cotton 
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dyestuff. Acid dye-stuffs will be found to strip mdte easily 
than direct cotton d}'estuffs. 

Mordant Dyestuffs. —These .are distinguished by their 
fastness td'boiling ammonia. Fuse some of the pattern 
with soda ash and sodium nitrate in a platinum crucible; 
dissolve out the mass, make acid with acetie aeid and take 
care to boil the solution to drive off all carbon dioxide, add 
a solution of lead acetate, -when a yellow precipitate of lead 
chromate prtAXs the presence of elinriiiium. Iron and 
copper ibay also be looked for. 

Potting Blacks.—It is sometimes desirable V' 
distinguish between chrome blacks (jf the fast to jiotting 
and not fast to jrotting scries, h'he following is a rapid 
means of*d(^^'fo. Dilute eoneentruted nitric acid thirty 
tim^s with wate?, boil the iwttenis two minutes in thic, 
then wash off inyinediateh-. tSfoii-potting blacks are practi¬ 
cally destroyed by this tre:itment, wlnreas fast to ])otting 
blacks are not destroccd b\- this treatuicnt, owing to their 
superior fastness to oxidation. 

Vat, Colours.-Drop the p.dtern into warm alkaline 
hyd|osulphite solution, when the characteristic colour of the 
leuco compound wi'l lie hmned. which in ’i;o''t instances, 
except indanthrene bluc-^, arc (juitc distimt irom the dee 
in it*! normal state. ‘The original colour returns on washing 
off the pattern and exposing to the atiin'sphere. 



